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MIXING  AND  MILLING  OF  LEAD  AND  ZINC  ORES  IN 
THE  WISCONSIN  DISTRICT,  WISCONSIN. 


By  Clarence  A.  Wright. 


INTRODUCTION. 

The  Wisconsin  lead  and  zinc  district  includes  not  only  mines  in  the 
State  of  Wisconsin,  but  also  mines  in  those  parts  of  Illinois  and  Iowa 
directly  adjacent  to  southwestern  Wisconsin.  This  district  has  long 
been  known  as  a  lead  producer,  but  only  within  recent  years  has  it 
been  considered  an  important  producer  of  zinc. 

The  geological  occurrence  of  the  lead  and  zinc  ores  of  the  district 
has  been  described  in  numerous  reports  by  several  geologists.  Some 
of  the  more  important  recent  publications  are  those  of  the  United 
States  Geological  Survey,  by  Bain,a  and  by  Grant  and  Burchard,6 
and  those  published  by  the  Wisconsin  Geological  and  Natural  History 
Survey.0 

In  this  report  no  attempt  has  been  made  to  describe,  except  inci- 
dentally, the  geology  of  the  district,  the  author's  aim  being  to  give  a 
general  outline  of  the  methods  used  in  mining  and  milling  and  to  show 
in  some  detail  the  general  conditions  affecting  the  efficiency  of  those 
methods.  The  report  indicates  certain  improvements  that  can  be 
made  and  emphasizes  the  importance  of  safety  and  health  conditions 
at  the  mines.  The  author  did  not  visit  all  the  minesof  the  district,but 
this  report  is  based  on  an  inspection  of  most  of  the  more  important 
representative  mines. 

Only  the  mines  and  mills  actually  examined  are  discussed  in  detail, 
and  statements  of  results  cover  those  mines  in  general,  with  no  special 
reference  to  any  one  mine. 

The  lead  and  zinc  ores  are  closely  associated,  but  the  proportion  of 
zinc  ore  mined  is  far  greater  at  present  than  in  former  years.  For 
this  reason,  and  because  the  losses  in  milling  zinc  ores  are  propor- 
tionately greater  than  in  milling  lead  ores,  the  zinc  ores  are  here  con- 
sidered more  especially.    The  author  made  a  few  mill  tests  in  order  to 

a  Bain,  H.  F.,  Zinc  and  lead  deposits  of  northwestern  Illinois:  U.  S.  Geol.  Survey  Bull.  246, 1905, 56  pp.; 
Zinc  and  lead  deposits  of  the  upper  Mississippi  Valley:  U.  S.  Geol.  Survey  Bull.  294,  1906, 155  pp. 

b  Grant,  U.  S.,  and  Burchard,  E.  F.,  Lancaster-Mineral  Point  Folio  Geol.  Atlas  145,  U.S.  Geol.  Survey, 
1907. 

c  Lead  and  zinc  deposits  of  Wisconsin:  Bull.  14,  Economic  Series  No.  9.,  Wisconsin  Geol.  and  Nat.  Hist. 
Survev,  1906,  100  pp. 
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determine  in  a  general  way  the  efficiency  of  the  milling  practice,  but 
there  are  few  concentrating  plants  at  which  systematic  mill  testing 
and  sampling  can  be  done,  owing  to  the  arrangement  of  the  mills  and 
to  the  necessity  of  estimating  the  tonnage  of  the  ore  treated.  How- 
ever, much  time  could  profitably  be  spent  in  the  Wisconsin  district 
in  studying  the  milling  conditions  and  in  devising  means  of  lessening 
the  loss  of  zinc,  especially  in  the  treatment  of  fines. 

The  author  has  made  several  comparisons  between  conditions  in 
the  Wisconsin  district  and  those  in  the  Joplin  district,  on  which  the 
bureau  has  issued  a  report. a 

ACKNOWLEDGMENTS. 

The  writer  is  greatly  indebted  to  the  operators  and  mine  superin- 
tendents for  furnishing  much  information,  for  extending  many  cour- 
tesies, and  for  giving  assistance  in  many  other  ways. 

MINING  AND  MILLING   IN  THE  WISCONSIN  DISTRICT. 

In  the  Wisconsin  district  simple  methods  are  used  in  both  mining 
and  milling,  the  mines  are  shallow,  and  most  of  the  plants  are  small 
and  simply  equipped.  To  one  accustomed  to  the  elaborate  methods 
used  in  some  mining  districts  elsewhere,  and  to  districts  in  which 
everything  is  done  on  a  much  larger  scale,  the  practice  in  this  district 
may  seem  crude  and  wasteful,  but  after  a  careful  study  of  the  ore 
bodies  it  will  be  evident  that  the  methods  used  here  are  in  general 
well  adapted  to  the  existing  conditions.  The  ore  bodies  vary  greatly 
in  shape,  and  it  is  difficult  to  calculate  the  yield  of  an  ore  body  from 
the  records  of  the  drill  holes.  Often,  however,  the  amount  of  drilling 
and  preliminary  development  work  is  too  small,  an  attempt  to  block 
out  the  ore  being  seldom  made,  except  by  the  larger  operating  com- 
panies. 

The  generally  small  size  and  irregularly  varying  shape  of  the  ore 
bodies  have  not  encouraged  the  building  of  large  and  expensive  plants. 
The  loss  of  time  occasioned  by  an  insufficient  or  irregular  ore  supply 
is  more  costly  with  a  large  mill  than  with  a  small  one,  so  that  large 
central  mills  have  not  been  considered  feasible  in  this  district. 

Although  the  controlling  conditions  mentioned  persist  with  little 
change,  the  methods  used  in  both  mining  and  milling  are  being 
constantly  improved  and  the  general  conditions  at  the  mines  are  being 
bettered  each  year.  The  operators  are  making  every  effort  to  improve 
the  milhng  methods  and  to  effect  any  possible  saving  of  ore. 

On  the  whole  the  ore  is  richer  in  mineral  content  than  that  mined 
in  southwestern  Missouri,  so  that  a  somewhat  higher  recovery  is 

a  Wright,  C  A.,  Mining  and  treatment  of  lead  and  zinc  ores  in  the  Joplin  district,  Missouri,  a  preliminary 
report:  Technical  Paper  41,  Bureau  of  Mines,  1913,  43  pp. 
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possible,  but  the  content  of  iron  is  so  high  that  the  concentrates  pro- 
duced are  of  much  lower  grade,  and  most  of  them  have  to  be  re-treated 
by  roasting  and  magnetic  separation. 

SITUATION   OF   CHIEF   PRODUCING   AREAS. 

The  chief  producing  areas  of  the  Wisconsin  lead. and  zinc  district  at 
present  are  included  in  Grant,  Lafayette,  and  Iowa  Counties  of  south- 
western Wisconsin,  and  in  Jo  Daviess  County  in  the  adjacent  corner 
of  Illinois.  Formerly  mining  extended  into  Dubuque  and  Clayton 
Counties  of  northeastern  Iowa,  just  across  the  State  line,  but  for  the 
past  few  years  mining  has  been  at  a  standstill  in  those  counties. 

The  district  is  divided  into  mining  camps,  or  distinct  groups  of 
mines,  separated  by  areas  that  so  far  have  been  nonproductive.  The 
names  of  the  camps,  together  with  the  names  of  the  more  important 
mines  included  in  them,  are  tabulated  below: 

Producing  mines  of  the   Wisconsin  lead  and  zinc  district  during  the  year  1913. 


Location. 

Name  of  mine. 

Location. 

Name  of  mine. 

Section. 

Town- 
ship. 

Range. 

Section. 

Town- 
ship. 

Range. 

Benton  Camp,  Wis. 
Crawhall 

30 

29 

9 

8 

16 

2 
18 
32 

4 
22 
21 

30 
32 
29 

28 

Sand  9 
17 

IN. 
IN. 
IN. 
IN. 
IN. 

2N. 
2N. 

2N. 

27  N. 

29  N. 
29  N. 

IN. 
1  N. 
IN. 

7N. 

5N. 
5  N. 

2E. 
IE. 
IE. 
IE. 
IE. 

1W. 
IE. 
IE. 

IE. 
IE. 
IE. 

IE. 
IE. 
IE. 

IE. 

2E. 
2E. 

Livingston  Camp, 
Wis. 

Coker 

29 
29 
30 

25 
25 
34 

30 

29 
15 
15 
11 
11 
29 

35  and  36 

30 

25 
19 

5N. 
5N. 
5N. 

5N. 
5N. 
5N. 

6N. 

3N. 
3N. 
3N. 
3N. 
3N. 
3N. 

3N. 

2N. 
2N. 
IN. 

Fox 

Ellsworth 

Rundell 

Mifflin  Camp,  Wis. 
Lucky  Six 

Cuba    City    Camp, 

IE 

H  is. 

1  E 

1  E 

Beloit-Elmo 

Montfort  Camp, 
Wis. 

0.  P.  David 

Platteville  Camp, 
Wis. 

East  End 

Galena   Camp,  III. 

IE. 

Northwestern 

Vinegar  Hill 

1  W 

Hazel  Green  Camp, 

1  W 

1  W 

Grant  County 

IW. 

1  w 

Klar-Piqett 

Potosi  Camp.  Wis. 

1  w. 

Highland  Camp, 

Wis. 

Highland-Franklin. 

Linden  Camp,  Wit. 

3  W. 

Shullsburg  Camp, 
Wis. 

Milwaukee  -  Shulls- 

3  E. 

Optimo  No.  1 

2  E. 

Optimo  No.  2 

Wiuskill 

2  E. 

In  addition  to  the  mines  mentioned  above,  some  prospecting  is 
being  done  and  new  developments  will  no  doubt  be  commenced  in 
the  near  future,  so  that  the  production  of  the  district  as  a  whole  should 
gradually  increase  within  the  next  few  years. 
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Nearly  all  the  camps  are  within  a  short  distance  of  some  railroad, 
so  that  the  shipment  of  the  ores  is  an  easy  matter,  although  the  haul- 
ing of  coal,  supplies,  and  ore  to  and  from  the  mines  could  be  facilitated 
by  better  roads  in  many  parts  of  the  district. 

ZINC  PRODUCTION  IN  THE  DISTRICT. 

The  production  of  spelter  from  the  ores  of  the  Wisconsin  district 
has  increased  considerably  since  1906,  as  shown  by  the  production 
curves  in  figure  1 .  As  a  zinc  producer  Wisconsin  stands  third  among 
the  States,  with  about  10  per  cent  of  the  total  production  of  spelter 


TONS 

40,000 

35,000 

30,000 
25,000 
20,000 
15,000 

YEAE 

1906          1907          1908          1909         1910          1911          1912          1913 

St 
*•?/ 
■»/ 

9/ 

"/ 

•  *"/  i 
°7  I 
■31  1 

."/   / 
Si  13 

§  I  1  S 

il/i 

all. 

i 

ii/i 

»//s 

T 

Figure  1. — Curves  showing  spelter  production  in  Wisconsin  lead  and  zinc  district,  1906-1913. 

in  the  United  States.  The  bulk  of  the  zinc  produced  from  this  region 
comes  from  the  mines  in  the  State  of  Wisconsin.  Although  the  zinc 
production  of  Illinois  has  been  on  the  increase  during  the  past  few 
years,  except  in  1913,  the  production  in  Illinois  is  small  compared 
to  that  of  Wisconsin.  Both  lead  and  zinc  mining  in  the  State  of  Iowa 
have  been  practically  at  a  standstill  since  1909. 

In  comparison  with  their  standing  as  zinc  producers,  both  Wis- 
consin and  Illinois  are  to-day  far  less  important  as  lead  producers  than 
they  were  formerly,  the  lead  production  being  at  present  about  one- 
tenth  that  of  zinc. 
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The  prospects  for  an  increase  in  the  zinc  production  from  this  dis- 
trict in  the  near  future  look  favorable,  as  new  ore  bodies  have  been 
discovered  during  the  past  year. 

Tabulated  data  regarding  spelter  production  in  the  district  during 
the  past  eight  years  are  presented  below. 

Spelter  production  in  the  Wisconsin  district,  apportioned  according  to  source  of  ore, 

1906-1913.° 


State. 


mo         i9ii 


1913 


Short  tons.  Short  tons.  Short  tons.  Short  tons.  Short  tons.  Short  tons.  Short  tons.  Short  tons. 


Wisconsin 

11,057 
282 
201 

15, 273 
1,446 

220 

298 
516 

30,381 

675 

19, 752 
1,551 

40 

31,809 

2,884 

34,137 
3,952 

33, 743 
1,345 

Total 

11,540 

16,939 

18,352 

21,056 

21,343 

34,693 

38,089 

35,088 

a  Siebenthal,  C  E.,  Zinc:  Mineral  Resources  of  United  States,  1913,  U.  S.  Geol.  Survey,  1914,  p.  623. 


FIELD  RELATIONS  OF  ORES. 

According  to  the  United  States  Geological  Survey,0  the  geologic 
succession  of  the  rocks  of  the  upper  Mississippi  Valley  is  relatively 
simple.  The  rocks  are  sedimentary  deposits  of  Paleozoic  age  and 
comprise  beds  of  sandstone,  limestone,  dolomite,  and  shale.  A  general 
section  of  the  district  is  shown  in  figure  2.b 

The  formations  that  occur  in  the  ore-bearing  district  belong  to  the 
Ordovician  and  Silurian  systems,  the  rocks  of  the  former  being  the 
more  important,  as  regards  mining,  within  the  limited  area. 

The  chief  ore-bearing  rocks  of  the  mining  district  are  found  in  the 
Platteville  formation  and  at  the  base  of  the  overlying  Galena  forma- 
tion, the  ores  occurring  in  much  greater  abundance  in  the  latter.  A 
better  idea  can  be  obtained  from  the  generalized  sections  of  these  two 
formations,  as  given  by  Bain,c  which  are  presented  below: 

Generalized  section  of  the  Platteville  limestone  in  the  upper  Mississippi  Valley. 

Feet. 

4.  Thin  beds  of  limestone  and  shale 10-15 

3.  Thin-bedded,  brittle  limestone,  breaking  with  conchoidal  fracture.  25-30 
2.  Buff  to  blue  magnesian  Limestone,  heavy  bedded,  in  many  places  a 

dolomite 15-25 

1 .  Shale,  blue,  in  some  places  sandy 1-5 

a  See  Grant,  U.  S.,  and  Burchard,  E.  F.,  Lancaster-Mineral  Point  Folio  Geol.  Atlas  145,  U.  S.  Geol. 
Survey,  1907,  p.  1. 

6  See  Grant,  U.  S.,  and  Burchard,  E.  F.,  Op.  cit.,  p.  14. 

c  Bain,  H.  F.,  Zinc  and  lead  deposits  of  the  upper  Mississippi  Valley:  U.  S.  Geol.  Survey  Bull.  294, 1906, 
pp.  20  and  25. 

67213°— 15 2 
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[Scale:  1  inch=  125  feet.] 


Sys- 
tem. 


Formation  Name. 


Thick- 
ness IN 
Feet. 


Character  of  Rocks. 


Niagara  limestone. 


150+ 


Light-buff  to  gray  dolomite.  Basal  beds  massive 
and  rough  weathering,  succeeded  by  thinner 
beds,  above  which  are  layers  containing  more 
or  less  chert.  Fossiliferoiis.  Top  of  formation 
eroded. 


Maquoketa  shale 


Gray  argillaceous  and  calcareous  shale,  locally 
fossiliferous  and  magnesian  at  the  top. 

Plastic  blue  and  green  shale  and  clay  with  indur- 
ated fossiliferous  bands  near  the  top. 

Drab  and  blue,  thin,  fissile  shale  and  fossiliferous, 
thin,  argillaceous  limestone.  Fine  conglomer- 
ate locally  near  base. 


Coarse-grained  gray  dolomite,  cherty  and  thick 
bedded  in  middle  portion,  thin  bedded  at  top, 
with  thin,  shaly,  fine-grained  limestone  ana 
locally  carbonaceous  shale  at  base.  Sparingly 
fossiliferous.  Basal  portion  locally  contains 
zinc  and  lead  ores. 


Fine-grained  limestone  and  very  fossiliferous  calca- 
reous shale.  Thin ,  wavy-bedded ,  fine  grained , 
fossiliferous  limestone.  Thick-bedded  magne- 
sian limestone  with  thin  sandy  shale  at  base. 


White  or  iron-stained  quartz  sandstone,  massive 
and  usually  poorly  cemented.  Thin  sandy 
clay-shale  at  base. 


100+ 


Irregularly  bedded,  rough-weathering  dolomite, 
cherty  in  places  and  locally  containing  thin 
beds  and  lenses  of  sandstone.  A  few  fossils. 
Base  not  exposed. 


Figure  2. — Generalized  geologic  section  of  the  Lancaster  and  Mineral  Point  quadrangles. 
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Generalized  section  of  the  Galena  dolomite. 

Feet. 

5.  Dolomite,  earthy,  thin  bedded 30 

4.  Dolomite,  coarsely  crystalline,  massive  to  thick  bedded 60 

3.  Dolomite,  thick  to  thin  bedded,  coarsely  crystalline,  chert  bearing.        90 

2.  Dolomite,  thick  bedded,  coarsely  crystalline;  locally  the  lower  por- 

tion is  nondolomitic  and  thin  bedded 50 

1.  Thin-bedded  limestone,  with  shaly  partings  which  are  highly  fos- 

siliferous  and,  in  part,  at  least,  carbonaceous — the  "oil  rock"  of 

the  miners,  usually  with  a  well-defined  clay  bed  at  the  base 2-10 

Generalized  section  of  basal  Galena  beds. 

4.  Thin-bedded  magnesian  limestone,  variable  in  thickness,  which    Feet. 

depends  upon  the  extent  of  dolomitization 0-15 

3.  Thin-bedded  limestone  or  dolomite,  with  partings  of  oil  rock.  ...     5-8 

2.  Brown,  shaly  material,  with  minor  lenses  of  limestone;  the  main 

oil-rock  horizon \-  2 

1.  Shale  or  blue  clay  containing  black  phosphatic  pebbles £-3 

The  limestone  in  No.  3  and  No.  4  of  the  Platteville  section,  when 
composed  of  a  fine-grained  gray  to  light-brown  limestone,  and  having 
a  more  or  less  conchoidal  fracture,  is  known  by  the  miners  as  "glass 
rock."  Much  of  the  glass  rock  is  ore  bearing,  but  the  main  bulk  of 
the  ores,  as  has  already  been  stated,  is  found  in  the  basal  part  of  the 
Galena  limestone.  The  ores  are  not  found  in  the  underlying  Cam- 
brian beds.  The  beds  of  all  the  formations  in  the  district  dip  slightly 
to  the  southwest. 

ORE  DEPOSITS. 
OCCURRENCE. 

The  important  ores  found  in  the  Wisconsin  district  are  those  of 
lead,  zinc,  and  iron,  and  comprise  mainly  galena,  the  sulphide  of 
lead,  sphalerite  and  smithsonite,  the  sulphide  and  carbonate  of  zinc, 
and  marcasite,  a  sulphide  of  iron.  Sulphides,  carbonates,  and  ox- 
ides, other  than  the  above,  are  found,  such  as  pyrite,  chalcopyrite, 
cerussite,  and  malachite,  but  these  are  of  less  common  occurrence, 
and  commercially  less  important. 

The  ores  may  be  divided  into  two  main  classes,  according  to  the 
manner  in  which  they  are  deposited — those  that  occur  in  crevices, 
joints,  or  openings,  and  those  that  occur  disseminated  through  the 
ore-bearing  rock.  Under  the  first  division  are  included  all  deposits 
found  in  fissures,  joints,  and  openings. 

The  fissures  or  crevices  are  in  many  places  parallel,  and  some  are 
of  considerable  length,  and  collectively  are  generally  known  as 
"ranges."  Most  of  them  have  a  direction  nearly  east  and  west, 
known  as  east-and-west  runs;  at  right  angles  to  these  are  north-and- 
south  runs.  The  main  crevices  are  best  developed  in  the  upper  ore- 
bearing  beds,  and  contain  chiefly  galena  and  the  carbonate  of  zinc. 
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Immediately  below  water  level  are  ore  bodies  consisting  of  open  spaces 
or  cavities  in  the  rock  lined,  or  partly  filled,  with  metallic  sulphides. 
The  open  spaces  are  said  to  have  been  formed  by  the  action  of  water 
after  the  brecciation  of  the  beds.  Most  of  them  are  lined  with  a  thin 
layer  of  marcasite,  and  in  the  larger  ones  the  marcasite  is  overlain 
with  blende  and  galena.  Where  these  cavities  are  above  water  level, 
and  when  the  ores  have  become  oxidized,  or  partly  so,  the  carbonate 
of  zinc  is  then  more  common. 

"Pitches  and  flats"  (fig.  3a),  are  characteristic  of  this  district,  the 
bulk  of  zinc  sulphide  ore  and  its  associated  minerals  occurring  in  this 
type  of  deposit.  The  pitches  and  flats  consist  of  horizontal  sheets 
known  as  "flats"  connected  by  a  series  of  dipping  fissures  or  joints 
called  "pitches."  The  ores  deposited  in  the  pitches  spread  along 
the  horizontal  bedding  planes  on  both  sides  of  the  joints  that  con- 
nect the  main  beds.  The  ore-bearing  pitches  and  flats  are  found 
principally  in  the  lower  beds  of  the  Galena  dolomite,  just  above  the 

top  of  the  Platteville  for- 
mation. 

Below  the  pitches  and 
flats  lies  the  disseminated 
ore.  This  occurs  as  small 
crystals  of  blende,  and  in 
places  of  galena,  scattered 
through  the  country  rock. 

Figure  3. — Diagrammatic  cross  section  of  a  series  of  flats         Tf   jg  found   chieflv  at   the 
and  pitches,    a,  flats;  6,  pitches;  c,  vertical  crevice.  1  .     .       _.    ,  „ 

bottom  of  the  Galena  for- 
mation and  in  the  upper  part  of  the  Platteville.  Usually  where 
this  form  of  deposit  occurs,  the  country  rock  contains  a  considerable 
proportion  of  clay  or  shale. 

In  regard  to  the  vertical  distribution  of  the  ores  mined,  above  and 
near  the  level  of  the  ground  waters  are  found  galena  and  the  oxidized 
ores  of  zinc  and  other  minerals;  below  that  level  the  sulphides  of  zinc 
and  iron  become  dominant  and  little  galena  is  present.  The  sul- 
phide of  iron  is  usually  associated  in  such  quantities  with  zinc  blende 
that  even  a  fairly  clean  blende  concentrate  is  obtained  with  diffi- 
culty through  wet  methods  of  milling,  the  specific  gravity  of  the  two 
minerals  being  so  near  alike.  Marcasite,  with  minor  proportions  of 
blende,  is  so  abundant  in  places  that  it  is  being  mined  and  sent  to 
plants  that  manufacture  sulphuric  acid. 

MINERAL    CONSTITUENTS. 

The  most  important  minerals  of  commercial  value  occurring  in  the 
Wisconsin  district  are  galena,  sphalerite,  smithsonite,  and  marcasite. 
Here,  as  in  other  districts,  these  minerals  are  known  by  local  terms, 

a  From  Grant,  U.  S.,  and  Burchard,  E.  F.,  op.  cit.,  p.  11. 
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such  as  "lead''  for  galena,  "jack"  for  sphalerite,  "carbonate  ore" 
for  smithsonite,  and  "sulphur"  for  the  iron  sulphides — marcasite 
and  pyrite.  Closely  associated  with  these  ores,  including  the  gangue 
minerals,  are  chalcopyrite,  calcite,  dolomite,  and  barite,  and  in  places 
small  quantities  of  other  minerals. 

The  ores  are  relatively  simple  in  composition,  practically  none 
being  complex.  The  country  rock  is  mainly  the  dolomite  of  the 
Galena  formation,  which  has  a  gray  to  blue  color,  turning  brown  when 
oxidized.  The  other  constituents  of  the  country  rock  are  shale,  oil 
rock,  "glass  rock,"  and  some  flint  in  the  upper  parts  of  the  ore- 
bearing  formation. 

PROSPECTING  METHODS. 

Prospecting  is  commonly  done  with  a  churn  drill,  the  ore  bodies 
not  lying  deep  enough  to  hinder  its  being  used  to  good  advantage. 
Six-inch  holes  are  drilled,  and  from  the  cuttings  a  fairly  representa- 
tive sample  of  the  rock  and  ore  penetrated  can  be  obtained.  The 
holes  are  spaced  100  to  300  feet  apart,  with  intermediate  holes  for 
locating  more  definitely  the  flats  and  pitches  and  indicating  the  gen- 
eral size  and  shape  of  the  ore  bodies.  When  an  ore  body  of  consid- 
erable length  is  found,  the  holes  are  placed  neai  its  outer  edges  and 
are  advanced  in  the  general  direction  of  its  length.  Drilling  is  usually 
done  by  contract  at  75  cents  to  SI  a  foot. 

Because  of  the  many  crevices  and  open  cavities  and  the  considerable 
quantities  of  flint  often  encountered  in  this  district  the  diamond  drill 
has  been  little  used,  the  reasons  being  the  difficulty  of  obtaining  a 
representative  core.  Where  it  is  possible  to  obtain  a  core  with  the 
diamond  drill  the  sample  is  more  accurate  and  the  results  more  cer- 
tain, but  the  higher  cost  would  probably  not  be  offset  by  the  better 
sample  obtained  from  a  diamond  drill  core  in  this  district.  Another 
consideration  of  importance  is  that  usually  the  diamond-drill  core 
has  a  diameter  of  1£  to  2\  inches  only,  whereas  the  hole  cut  by  the 
churn  drill  has  a  diameter  of  6  to  7  inches. 

It  is  a  fact  that  blende  is  often  found  below  the  level  of  the  ground 
water  in  localities  where  lead  and  the  carbonate  of  zinc  have  been 
known  to  occur  above.  In  other  words,  when  an  area  for  prospecting 
is  being  selected,  the  chances  of  finding  a  body  of  zinc  ore  are  greater 
in  areas  where  lead  has  already  been  found  above  the  water  level  than 
in  areas  where  lead  is  not  known  to  exist  above  the  water  level.  In 
this  connection  Grant  °  makes  the  following  comments : 

In  the  matter  of  prospecting,  it  is  wise  to  carry  in  mind  the  fact  that,  other  things 
being  equal,  the  ranges  and  the  districts  which  produced  in  early  days  close  to  the  sur- 
face of  the  ground  large  quantities  of  lead,  or  lead  and  zinc,  are  the  most  favorable 

a  Grant,  U.  S.,  Lead  and  zinc  deposits  of  Wisconsin:  Bull.  14,  Economic  Series  9,  Wisconsin  Geol. 
and  Xat.  Hist.  Survey,  1906,  pp.  85-86. 
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locations.  The  chances  are  that  a  range  which  has  borne  considerable  quantities  of 
these  materials  in  its  upper  part  will  continue  to  bear  large  quantities  in  its  lower 
part,  the  main  difference  being  that  below  the  level  of  ground  water  there  will  be 
less  lead,  practically  no  smithsonite,  and  probably  much  sphalerite.  In  selecting 
an  area  for  prospecting,  however,  one  should  be  taken  in  which  there  is  below  the 
level  of  ground  water  a  considerable  thickness  of  the  Galena  limestone — that  is,  a 
considerable  thickness  of  rock  which  may  carry  ore,  for  the  deposits  in  many  cases 
are  limited  by  the  base  of  the  Galena  limestone,  and  in  nearly  all  other  cases  are 
limited  by  the  oil-rock  bands  at  the  base  of  the  main  glass-rock  horizon  of  the  Platte- 
ville  formation. 

Bearing  in  mind  the  two  points  just  mentioned  a  third  should  be  added,  and  that 
is  that  a  range,  or  a  series  of  ranges,  or  a  cl^iict,  which  can  be  shown  to  lie  in  a  syn- 
clinal basin,  is  a  more  favorable  place  for  prospecting  than  one  which  is  not  so  situated. 

MINING  METHODS. 
UNDERGROUND    WORK. 

Mining  practice  in  the  Wisconsin  district  is  similar  to  that  in  the 
Joplin  district,  except  that  in  Wisconsin  everything  is  on  a  some- 
what smaller  scale.  In  other  words,  the  tonnage  of  ore  mined  and 
treated  is  less  and  the  mills  are  built  with  a  proportionately  smaller 
capacity. 

In  general,  the  ore  bodies  are  reached  by  vertical  shafts,  100  to  200 
feet  deep  and  as  a  rule  are  mined  from  only  one  level,  as  few  of 
the  deposits  are  over  40  feet  thick.  The  usual  method  of  mining  is 
by  underhand  stoping,  one  or  two  benches  being  left  below  the  head- 
ing, depending  on  the  height  of  the  working  face.  The  ore  is  generally 
followed  to  its  upper  limits,  the  broken  ore  being  allowed  to  work 
itself  to  the  bottom,  where  it  can  be  shoveled  into  the  cars  or  tubs. 
When  the  breast  or  heading  has  been  advanced  far  enough  ahead, 
usually  15  to  20  feet,  the  lower  part  is  drilled  and  blasted. 

Toward  the  top  of  some  of  the  deposits  the  ore-bearing  rock  is 
rather  soft  so  that  many  of  the  raises  have  to  be  abandoned  tempo- 
rarily to  prevent  the  roof,  or  part  of  it,  from  caving.  Most  of  the 
soft  deposits  lying  above  the  main  ore  body  are  lead-bearing  and 
pockety.  Although  the  roof  is  trimmed  after  each  round  of  shots, 
special  care  has  to  be  taken  by  the  men  who  work  beneath  or  near 
these  soft  deposits  to  guard  against  falls  of  roof.  Little  timbering  is 
done  in  the  mines,  pillars  10  to  20  feet  thick  being  left  at  intervals 
of  20  to  50  feet,  depending  on  the  nature  of  the  deposit,  the  height 
of  the  face,  and  the  firmness  of  the  roof  and  overlying  strata. 

The  broken  ore  is  shoveled  into  cars  on  narrow-gage  tracks  and 
trammed  to  the  shafts,  where  it  is  hoisted  and  dumped  into  the  hop- 
per. In  many  places  there  is  considerable  barren  rock  between  the 
ore-bearing  strata,  but  on  account  of  the  irregularity  of  the  ore 
bodies  this  is  trammed  and  hoisted  while  mixed  with  the  ore,  so  that 
the  quantity  of  "dead  rock"  is  often  large.     The  larger  pieces  are 
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sorted  on  the  grizzly  on  which  the  ore  is  dumped,  and  are  trammed 
to  the  waste-rock  pile. 

SHAFTS. 

Except  at  one  or  two  mines  that  have  inclines,  the  ore  bodies  are 
reached  by  vertical  shafts.  Most  of  the  shafts  have  single  compart- 
ments only,  although  some  of  the  larger  properties  have  double- 
compartment  shafts.  At  most  of  the  mines,  hoisting  is  possible  from 
more  than  one  shaft,  but  at  many  mines  only  one  shaft  is  in  use. 
The  main  shaft  is  usually  connected  directly  to  the  mill  hopper,  with 
which  other  shafts  are  connected  by  inclined  or  aerial  tramways.  It 
is  customary  to  sink  the  shafts  a  few  feet  deeper  than  the  lower  level 
from  which  the  ore  bodies  are  worked,  so  as  to  form  a  sump  into 
which  the  water  in  the  mine  may  drain,  the  depth  of  the  sump  de- 
pending on  the  quantity  of  water  to  be  handled.  Over  the  sump  a 
platform  is  built  for  handling  the  tubs  and  ore  cars.  From  the  collar 
down,  the  upper  part  of  the  shaft  is  cribbed  to  prevent  any  loose  ground 
from  falling.  The  cribbing  is  extended  through  the  surface  and  the 
less  firm  ground  until  hard  rock  is  reached,  the  depth  depending  upon 
the  nature  of  the  rock  and  the  quantity  of  water  coming  from  the 
rock  beds.    In  some  of  the  shafts  the  cribbing  extends  to  the  bottom. 

A  few  of  the  shafts  are  provided  with  ladders,  but  as  a  rule  the 
miners  are  lowered  in  the  tubs  or  cages  used  for  hoisting  the  ore. 
It  is  obvious  that  for  safety,  ladders  should  be  provided  in  at  least 
one  shaft  of  a  mine,  if  only  for  use  in  emergencies,  especially  when  new 
properties  are  being  opened  and  the  working  face  of  the  ore  body  is 
still  near  the  shaft.  At  such  a  time  men  may  be  hit  by  pieces  of  rock 
from  blasting,  if  the  hoists  are  not  in  good  working  order  at  the  time  of 
firing  to  enable  the  men  to  get  out  of  danger  promptly.  The  average 
distance  between  shafts  is  about  300  feet,  but  is  considerably  greater 
at  two  or  three  of  the  larger  mines.  The  sinking  of  shafts  is  more 
difficult  than  in  the  Joplin  district  because  more  water  is  encoun- 
tered. 

DRILLING   PRACTICE. 

As  the  methods  of  mining  in  this  district  are  so  similar  to  those 
found  in  the  Joplin  district,  there  are  certain  features  common  in 
the  latter  district  that  can  be  well  applied  here,  without  much  change. 
In  all  methods  of  rock  drilling  certain  questions  have  to  be  con- 
sidered before  choosing  the  kind  of  drill  or  the  method  of  drilling. 
First  of  all  is  the  nature  of  the  rock  in  which  the  ore  bodies  are  found — 
whether  it  is  hard  or  soft,  brittle  or  tough.  The  form  of  deposition 
of  the  ore — whether  massive  or  in  stratified  layers — is  also  impor- 
tant. Some  rocks  are  full  of  crevices  and  others  contain  large  cavi- 
ties, variations  that  make  it  necessary  for  the  drill  man  to  use  judg- 
ment in  placing  the  holes  so  that  the  effect  of  the  powder  in  break- 
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ing  ground  will  be  greatest.  The  chief  object  in  mining,  aside  from 
the  safety  and  health  of  the  miners,  is  to  excavate  the  most  ore  at 
the  lowest  cost.  Too  much  emphasis  can  not  be  placed  upon  the 
need  of  ascertaining  in  advance  the  nature  of  the  rock  to  be  handled. 
Lack  of  definite  knowledge  is  apt  to  cause  much  dissatisfaction  be- 
tween the  mine  superintendent  and  drill  men  by  reason  of  the  high 
cost  of  breaking  ground.  The  preliminary  attention  to  the  probable 
nature  of  the  rock  to  be  handled  would  tend  to  eliminate  the  possi- 
bility of  the  miner  arguing,  for  instance,  that  the  powder  is  at  fault 
and  another  grade  or  brand  should  be  used. 

The  main  rock  is  limestone,  fairly  hard  and  compact,  which  breaks 
into  a  rather  fine  powder.  This  powdered  rock  is  apt  to  accumulate 
in  the  holes  during  drilling  and  to  make  the  footage  less  than  what 
might  be  obtained.  However,  this  difficulty  is  largely  overcome  by 
using  water-type  hammer  drills,  which  keep  the  hole  washed  out  as 
the  drilling  advances. 

In  places  crevices  and  pockets  are  encountered,  causing  the  holes 
to  be  lost  so  that  drilling  has  to  be  started  from  another  point  or  at  a 
different  angle.  The  rock  does  not  wear  the  bits  down  as  fast  as  does 
the  flint  in  the  Joplin  mines,  but  in  places  it  is  tough  and  is  then 
penetrated  with  difficulty. 

The  length  of  the  holes  varies  according  to  the  height  of  the  face 
and  the  method  of  mining  used.  Where  the  face  of  the  ore  is  only 
about  10  feet  high,  and  no  stoping  is  used,  the  holes  are'  drilled  6  to 
8  feet.  In  driving  stopes  the  holes  for  advancing  the  heading  are 
usually  6  to  7  feet  long,  whereas  those  drilled  in  the  underlying  bench 
or  benches  are  10  to  14  feet  in  length.  At  a  few  of  the  mines  the  lower 
portion  below  the  breast  is  broken  by  vertical  holes  6  to  8  feet  deep. 

Several  makes  of  machine  drills  are  in  use;  they  are  operated 
by  compressed  air.  The  average  capacity  of  the  compressors  is 
about  600  cubic  feet  per  minute,  and  the  pressure  is  about  90  to  100 
pounds.  The  air  distributed  to  the  drills  has  a  pressure  of  about  80 
pounds,  the  difference  being  due  to  leakage  and  other  losses  in  trans- 
mission. The  tendency  at  present  seems  to  be  toward  the  use  of  the 
one-man  drills,  which  so  far  have  given  satisfactory  results. 

BLASTING. 

In  blasting,  as  in  drilling  holes  for  explosives,  careful  attention  to 
details  is  necessary  to  insure  efficiency  in  mining.  The  miner  or 
machine  man  should  be  familiar  with  the  nature  of  the  rock  that  is  to 
be  blasted  in  order  to  arrange  his  drill  holes  to  the  best  advantage. 
He  should  drill  each  hole  in  a  direction  nearly  at  right  angles  to  the 
line  of  least  resistance  of  the  shot,  and  arrange  the  drill  holes  so  that 
the  number  of  holes  necessary  and  the  quantity  of  explosive  used 
may  be  the  least  possible.     Two  other  important  factors  that  have  to 
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be  considered  in  breaking  ground  efficiently  are  irregularities  of  the 
face  and  the  form  in  which  the  face  will  be  left  after  the  shot.  The 
mine  foreman  or  ground  boss  should  constantly  foresee  the  condition 
of  the  face  after  shooting,  and  should  have  the  machine  men  follow  a 
system  that  leaves  the  face  more  accessible  for  subsequent  drilling  and 
blasting.  It  is  not  to  be  understood  that  this  lack  of  foresight  is  com- 
mon in  the  Wisconsin  district,  but  it  is  a  detail  that  can  bear  close 
watching  and  in  some  instances  might  reduce  the  cost  of  breaking 
ground. 

The  powder  most  used  in  the  Wisconsin  district  is  40  per  cent 
strength  gelatin  dynamite,  although  ammonia  dynamite  is  largely 
used  where  the  holes  are  fairly  dry.  As  a  rule  the  cartridges  are 
prepared  and  loaded  into  the  holes  for  shooting  by  the  machine  men 
except  in  a  few  mines,  where  a  powder  man  is  employed  purposely 
for  this  work.  Preliminary  chambering  or  ' '  squibbing  "  of  holes  is  not 
generally  practiced.  The  number  of  sticks  or  the  quantity  of  explo- 
sive used  in  each  hole  varies  according  to  the  length  of  the  hole,  the 
strength  of  powder  used,  and  the  amount  of  rock  to  be  broken. 

The  method  of  priming  the  holes  differs  somewhat  in  that  the 
primer  or  cartridge  containing  the  cap  (detonator)  and  fuse  is  inserted 
in  the  central  part  of  the  charge  or  at  the  outer  end,  followed  by  one  or 
two  sticks  of  powder.  Usually  the  miners  prepare  the  primer  by 
lacing  the  cap  and  fuse  through  the  cartridge  near  one  end  and 
then  inserting  the  cap  into  the  cartridge  at  the  side  in  the  direction 
of  the  other  end.  The  Bureau  of  Mines  recommends  that  the  deton- 
ator be  inserted  hi  the  end  of  the  primer.  To  lace  the  fuse  through  a 
cartridge  of  high  explosive  is  dangerous  because  the  explosive, 
ignited  by  side  spitting  of  the  fuse,  may  burn  before  exploding, 
with  the  result  that  poisonous  gases  will  be  produced. 

The  usual  strength  of  detonator  used  is  Xo.  6.  Tamping  of  holes  is 
practiced  little,  if  at  all.  A  few  companies  in  this  district  have  tried 
it  and  abandoned  it,  but  no  systematic  trial  has  been  made  to  demon- 
strate the  advantage  or  disadvantage  from  the  use  of  stemming.0 

The  quantity  of  powder  used  averages  about  1  pound  per  ton  of 
rock  broken. 

SHOVELING   AND   UNDERGROUND  TRAMMING. 

.liter  the  ground  has  been  broken  the  ore  is  shoveled  into  cars  or 
cylindrical  tubs  winch  are  pushed  by  hand  or  hauled  by  mules  to  the 
shaft.  The  tubs,  locally  known  as  "cans,"  usually  measure  28  by  30 
inches.     For  the  convenience  of  the  shovelers,  a  piece  of  sheet  iron 

a  In  the  publications  of  the  Bureau  of  Mines  the  word  "stemming"  is  used  to  designate  the  material 
placed  on  a  charge  of  explosive  in  a  drill  hole,  the  word  "tamping"  to  designate  the  act  of  placing  and 
ramming  the  material.  For  an  account  of  experiments  showing  the  results  of  using  stemming  with  high 
explosives,  see  Technical  Paper  18,  Bureau  of  Mines. 
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is  laid  down  so  as  to  provide  a  flat  and  smooth  surface  from  which 
to  shovel.  The  bowlders  and  larger  pieces  of  rock  are  lifted  into  the 
tubs,  those  too  large  for  one  man  to  handle  being  broken  with  sledges. 
Shovelers  are  paid  either  by  the  day  or  by  the  tub,  but  paying  by  the 
tub  seems  to  be  the  more  general  custom.  The  amount  paid  is  6  to 
10  cents  per  tub,  depending  on  the  size  of  car  or  tub  and  the  distance 
from  the  shaft  when  the  men  are  obliged  to  do  their  own  tramming. 
This  system  tends  to  increase  the  tonnage,  but  at  the  same  time  has 
the  drawback  in  that  the  men  may  not  fill  the  tubs  full  in  an  effort  to 
get  a  greater  number  of  tubs  to  their  credit.  This  defect  can  be  over- 
come only  by  careful  supervision.  As  a  result  of  the  tendency  of  the 
men  to  shovel  scant  tubfuls  and  of  the  fact  that  the  filled  tubs  are 
rarely  weighed,  the  reported  tonnage  of  ore  hoisted  is  apt  to  be 
somewhat  higher  than  the  actual  amount.  If  the  ore  hoisted  were 
weighed,  some  system  could  be  devised  by  which  the  men  would  be 
paid  by  the  ton,  or  would  receive  a  daily  wage  combined  with  a  bonus 
for  extra  tonnage  above  a  required  quantity  of  ore. 

Each  tub  of  ore  is  assumed  to  weigh  1,000  pounds,  which  is  con- 
sidered by  some  to  be  a  little  more  than  the  actual  average  weight. 
At  a  few  of  the  mines  30  by  30  inch  tubs  are  used,  and  the  average 
content  of  this  size  is  thought  to  be  nearer  1,000  pounds  than  is  the 
average  content  of  the  smaller  size,  28  by  30  inches,  when  the  weight 
of  dry  ore  and  the  point  to  which  the  tubs  are  usually  filled  are 
considered. 

Where  cars  are  used,  these  are  hoisted  in  cages,  except  in  one 
mine  entered  by  an  incline,  where  the  ore  is  dumped  from  the  mine 
cars  into  a  larger  car  and  hoisted  up  the  incline  to  the  hopper. 

TIMBERING. 

Few  of  the  mines  in  the  Wisconsin  district  are  timbered,  as  most 
of  the  roofs  are  good.  Pillars  are  left  at  intervals  of  20  to  50  feet, 
according  to  the  nature  of  the  ground  and  the  height  of  the  roof 
above  the  floors.  Now  and  then  one  finds  posts  placed  wherever 
necessary  to  support  slabs  or  loose  rock  in  the  roof. 


The  quantity  of  water  pumped  from  the  mines  varies  from  200  to 
1,500  gallons  per  minute,  and  with  efficient  pumps  it  is  easily  handled. 
The  different  types  of  pumps  in  use  are  the  Cornish  crosshead,  double- 
acting  lift  pump,  the  usual  small  steam  pumps,  and  electrically 
driven  centrifugal  pumps.  A  few  of  the  old  walking-beam  pumps 
are  to  be  found,  but  they  are  now  practically  out  of  use.  As  the 
mines  are  shallow,  most  of  the  shafts  are  wet  and  some  water  is 
found  in  the  mine  workings  as  a  result  of  the  intermittent  seepage. 
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The  water  is  drained  into  a  sump  at  the  foot  of  some  shaft  either  by 
means  of  ditches  cut  along  the  sides  of  the  drifts  or  by  some  natural 
drainage  course.     From  the  sump  it  is  pumped  to  the  surface. 

SURFACE    WORK. 

HOISTING    AND    SURFACE    TRAMMING. 

In  the  Wisconsin  district  the  system  of  hoisting  most  commonly 
used  is  that  of  direct  winding  without  attempt  to  balance  the  load. 
The  bucket  or  tub  and  its  load  are  hoisted  by  power  and  lowered  by 
gravity,  and  the  hoisting  engine  is  coupled  or  geared  direct  to  the 
shaft  of  the  drum,  which  is  provided  with  friction  devices  or  positive 
clutches  and  brakes.  If  cars  are  used  they  are  placed  in  cages  and 
hoisted  in  the  usual  manner.  When  the  tub  has  been  hoisted  to  the 
top  of  the  headframe  the  hoistman  covers  the  opening  with  a  lid  to 
prevent  any  loose  material  from  falling  back  down  the  shaft,  and 
then  dumps  the  load  on  a  chute  leading  directly  to  the  grizzly  over 
the  hopper.     Both  electric  and  steam  hoists  are  in  use. 

Signaling  for  raising  and  lowering  both  the  men  and  the  tubs  and 
cars  is  done  by  a  pull  bell,  although  at  a  few  mines  electric  bells 
have  been  installed.  When  men  are  hoisted,  not  more  than  four,  as 
a  rule,  are  permitted  to  ride  in  a  bucket  at  once.  Each  man  stands 
on  one  leg  inside  the  tub,  his  other  leg  being  outside.  This  way  of 
riding  is  not  without  risk,  for  there  is  always  danger  of  injuring  the 
kneecap  or  leg  if  the  tub  bumps  against  the  sides  of  the  shaft. 

Connected  with  each  shaft  is  a  storage  bin  or  hopper,  and  with 
few  exceptions  the  main  shaft  is  connected  directly  with  the  mill 
hopper.  If  hoisting  is  done  from  more  than  one  shaft,  the  ore  is 
trammed  to  the  mill  hopper  by  inclined  or  horizontal  tramways 
(PI.  I,  A),  or,  as  at  two  or  three  mines,  by  aerial  tramways.  The 
latter  method  is  claimed  to  be  satisfactory,  both  as  regards  cost  and 
operation,  but  few  mines  use  it.  At  one  of  the  mines,  where  the 
distance  between  shafts  is  greater  than  the  average,  an  endless-rope 
system  (PI.  I,  B)  is  in  use. 

The  tram  cars  used  on  the  surface  are  self-dumping  and  have  a 
capacity  of  1  to  2  tons.  The  hoppers  to  which  the  ore  is  hoisted 
and  trammed,  inclusive  of  mill  hoppers,  are  built  of  timber,  their 
capacities  varying  from  100  to  300  tons. 


Both  electric  and  steam  power  are  used  for  hoisting  and  for  driving 
null  equipment,  steam  being  generated  by  coal.  Electricity  is 
largely  used,  and  a  combination  of  electric  and  steam  power  is  found 
at  some  of  the  properties. 
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ORE-DRESSING  PRACTICE. 

The  average  zinc  content  of  the  concentrates  produced  from  the 
mills  in  the  Wisconsin  zinc  district  is  below  that  of  the  Joplin  district. 
The  lower  grade  is  due  to  the  high  percentage  of  iron  sulphide  in  the 
ores,  and  the  difficulty  of  separating  zinc  and  iron  sulphide  by- 
wet  methods.  For  this  reason  the  concentrates  are,  as  a  rule, 
lightly  roasted  and  the  iron  sulphide  is  separated  with  magnetic 
separators. 

Concentrating  is  commonly  effected  by  the  usual  rougher-and- 
cleaner  system,  with  the  use  of  the  Cooley  type  of  jig,  which  is  so 
well  known  in  the  Joplin  district.  For  low-grade  zinc  ores  the 
single-jig  type  of  mill  is  used.  The  ore  is  crushed  to  about  one-half 
inch  but  not  below  one-fourth  inch,  the  object  being  to  produce  a 
minimum  proportion  of  fine  material  and  slimes,  because  of  the  great 
loss  of  fine  material  in  the  single-jig  system. 

CONCENTRATING    MILLS. 

The  concentrating  mills  in  the  Wisconsin  district  are  much  alike 
in  design  and  equipment  and  similar  to  those  found  in  the  Joplin 
district,  but  are  smaller  and  have  less  capacity.  The  "dirt"  treated 
contains  more  blende  and  iron  sulphide,  so  that  in  order  to  obtain 
an  efficient  recovery  the  ore  can  not  go  through  the  jigs  as  fast  as  is 
the  custom  in  southwest  Missouri.  The  mills  are  built  of  wood  with 
concrete  foundations  and  are  of  the  level-site  type,  elevators  being 
used  to  raise  and  advance  the  ore  from  one  treatment  to  the  next. 
The  average  capacity  is  75  to  150  tons  per  10-hour  shift,  although  it 
is  somewhat  greater  at  a  few  of  the  more  recent  mills.  PI.  II,  A  and 
B  are  representative  mills  of  the  Wisconsin  district.  . 

As  has  already  been  mentioned,  mills  are  commonly  built  adjacent 
to  a  shaft,  usually  the  main  shaft,  so  that  the  ore  can  be  hoisted 
directly  into  the  mill  hopper.  This  construction  simplifies  the  hand- 
ling of  the  ore  and  reduces  costs.  The  course  of  the  treatment  of  ore, 
as  outlined  by  the  flow  sheets  shown  in  figures  4  and  5,  is  usually 
simple. 

METHOD    OF    CONCENTRATION. 

The  ore  hoisted  is  dumped  on  a  chute  leading  to  the  grizzly,  which 
consists  of  iron  bars  or  pipes  spaced  about  4  inches  apart.  The 
undersize  passes  through  to  the  hopper  below.  The  oversize  is 
caught  on  the  grizzly,  the  larger  mineralized  pieces  are  broken  with 
sledge  hammers,  and  the  bowlders  that  are  practically  barren  are 
sorted  out  by  hand  and  trammed  to  the  waste  pile.  The  proportion 
of  waste  rock  thus  sorted  out  is  5  to  25  per  cent,  depending  on  the 
nature  of  the  rock.  The  sorting  is  done  by  screen  men,  better  known 
locally  as  cull  men,  who  are  paid  about  $2.30  a  day. 
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A.     TRAMWAYS  CONNECTING  SHAFTS  AT  A   MINE   NEAR  LIVINGSTON,  WIS. 


B.     ENDLESS-ROPE   HAULAGE   SYSTEM   BETWEEN   SHAFTS. 
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A.     MILL   NEAR  CUBA  CITY,  WIS. 


JJ.     MILL  NEAR   PLATTEVILLE,   WIS. 
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CRUSHING. 

The  undersize  material,  5  inches  or  less  in  diameter,  from  the  ore 
dumped  on  the  grizzly  bars  falls  into  the  mill  hopper.  From  the 
hopper  the  ore  is  fed  to  an  incline  leading  to  a  crusher  of  the  Blake 
type,  which  reduces  the  larger  material  to  pieces  about  2  inches  or 
less  in  diameter,  depending  on  the  setting  of  the  jaws  of  the  crusher 
at  their  lower  end. 

Instead  of  an  incline  it  might  be  possible  to  use  a  perforated  shak- 
ing screen  having  three-fourths-inch  holes,  and  play  a  stream  of 
water  on  the  material  passing  over  the  screen.  The  finer  material 
would  be  washed  through,  thus  eliminating  much  unnecessary 
crushing  and  increasing  the  capacity  of  the  crusher.  The  plan  would 
also  reduce  somewhat  the  proportion  of  fine  material  produced.  The 
undersize  from  the  coarse  screen  would  go  to  a  set  of  rolls  or  direct lv 
to  the  elevator  to  be  raised  to  the  trommel  at  the  head  of  the  rougher 
jig.  The  benefits  obtainable  from  such  a  screen  would  have  to  be 
determined  by  actual  trial,  although  most  satisfactory  results  are 
known  to  have  been  obtained  in  some  of  the  larger  mills  in  this  country 
and  abroad. 

In  the  Wisconsin  district  the  material  from  the  crusher  is  fed 
directly  to  a  set  of  rolls  and  is  largely  reduced  to  three-fourths-inch 
size  or- finer.  As  a  rule  only  one  set  of  rolls  is  used  for  crushing  the 
material  to  this  size. 

The  ore  next  goes  to  an  elevator,  by  which  it  is  raised  to  a  trommel. 
These  elevators  are  of  the  usual  gear-driven  belt  type,  equipped  with 
conveyor  buckets  spaced  about  10  inches  apart.  The  trommels  are 
6  to  12  feet  long  and  3  feet  in  diameter  with  one-half -inch  holes.  As 
the  ore  falls  on  the  revolving  screen,  the  undersize  passes  through  the 
one-half-inch  holes  to  the  first  jig  and  the  oversize  goes  to  a  set  of 
return  rolls,  by  which  it  is  further  crushed,  and  is  then  carried  by 
the  elevator  back  to  the  trommel.  In  this  manner  all  of  the  ore  is 
reduced  to  one-half-inch  size  before  it  reaches  the  first  jig. 


As  in  the  Joplin  district,  the  jig  most  used  is  known  as  the  Cooley 
jig,  which  is  similar  in  principle  to  the  Harz  jig.  It  is  of  the  fixed- 
sieve  type,  with  a  plunger  to  force  the  water  up  and  down  through 
the  screens  or  grates.  The  compartment  containing  the  plunger  is 
connected  with  the  hutch  below  the  grates.  The  plunger  receives  its 
motion  from  an  eccentric  on  a  shaft,  which  connects  a  battery  of 
plungers.  The  jigs  do  excellent  work  if  the  large  quantity  of  material 
passed  over  them  be  considered. 
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ROUGHER-AND-CLEANER    SYSTEM. 

From  the  trommel  the  crushed  ore,  with  considerable  water,  comes 
to  the  first  cell  of  the  jig.  A  bed  5  to  7  inches  deep  is  formed  on  the 
screen,  and  by  the  pulsating  action  of  the  water  the  lighter  material, 
such  as  flint,  limestone,  dolomite,  and  calcite,  rises  to  the  top  and 
the  lead  and  zinc  minerals,  being  heavier,  work  to  the  bottom.  The 
suction  stroke  of  the  plunger  causes  the  finer  grains  of  mineral  and 
some  sand  to  pass  through  the  openings  into  the  hutch,  and  the  pro- 
portion of  gangue  material  drawn  into  the  hutch  depends  on  the 
strength  of  the  suction.  From  the  first  cell,  as  well  as  from  the 
second,  is  produced  the  first  concentrate,  usually  lead  concentrate, 
which  goes  direct  to  the  concentrate  bins.  In  some  of  the  mills  no 
finished  products  are  obtained  from  the  rougher  jigs. 

Between  each  two  cells  there  is  a  fall  of  a  few  inches,  so  that  the 
material  gradually  advances  from  one  cell  to  the  next  until  it  reaches 
the  last.  As  the  material  advances,  its  mineral  content  decreases 
until  from  the  last  cell  the  bulk  of  it  flows  off  as  tailings  into  the  tail- 
ings elevator.  The  other  products  from  the  rougher  jig  are  middlings 
and  chats,  which  either  go  directly  to  the  cleaner  jig  for  re-treatment 
or  are  sent  to  a  set  of  rolls  for  finer  crushing. 

The  cells  in  use  measure  about  30  by  36  inches,  and  the  shafts, 
directly  connecting  the  plungers,  are  run  at  a  speed  of  about  140  to  160 
revolutions  per  minute  for  the  rougher  jig  and  ISO  to  200  revolutions 
per  minute  for  the  cleaner  jig.  At  a  few  of  the  mills  the  recrushed 
chats  and  finer  middlings  are  treated  separately  on  a  sand  jig  instead 
of  being  returned  to  the  main  system. 

Diagrams  representative  of  the  milling  systems  used  in  this  district 
are  shown  in  figures  4  and  5,  which  show  the  flow  of  material  from 
beginning  to  end. 

ONE-JIG    SYSTEM. 

The  difference  between  the  one-jig  system  and  the  rougher-and- 
cleaner  system  is  that  the  entire  feed  in  the  former  is  treated  on  one 
jig  only,  roughing  and  cleaning  being  done  in  one  operation.  The 
advantage  of  the  single-jig  type  of  mills  is  limited  to  the  saving  of 
labor,  power,  repairs,  etc.,  and  to  low  cost  of  installation,  which 
are  important  items  with  low-grade  ores  or  those  with  a  high  percent- 
age of  iron  sulphide.  The  feasibility  of  this  system  of  milling  is  also 
determined  by  the  amount  of  crushing  necessary  to  liberate  the 
mineral  from  the  gangue,  as  the  losses  in  fine  material  are  greater 
than  in  the  two-jig  or  three-jig  mills.  In  other  words,  the  single-jig 
mill  is  suitable  for  ores  with  a  high  content  of  iron  sulphide  and 
which  are  coarsely  disseminated. 

On  the  other  hand,  it  has  certain  disadvantages  that  have  to  be 
taken  into  account.     The  single-jig  system  is  not  feasible  for  high- 
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C-Pb=  Lead  concentrates 
C-Zn  =  Zinc  concentrates 
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Figure  4. — Arrangement  of  a  representative  lead  and  zinc  concentrating  mill  in  the  "Wisconsin  district, 
one-jig  system.  /,  hopper,  capacity  150  tons;  2,  crusher,  14-inch  Blake  type;  3,  rolls,  24-inch;  4,  elevator 
(feed);  S,  trommel,  36  by  96  inches,  with  J-inch  round  perforations;  6,  rolls,  24-inch;  7,  jig,  eight  30  by  12 
inch  cells;  8,  elevator  (middlings  and  chats);  9,  rolls  (for  middlings  and  chats),  18-inch;  10,  elevator 
(tailings). 
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C-Pb=Lead  concentrates 
C-Zn=Zinc  concentrates 
M  = Middlings 
Ch=  Chats 


Figure  5. — Arrangement  of  a  representative  lead  and  zinc  concentrating  mill  in  the  Wisconsin  district, 
rougher-and-cleaner system.  Chopper,  capacity  150 tons;  2, crusher,  14-inch  Blake  type;  S, rolls, 30-inch; 
4,  elevator  (feed);  5,  trommel,  36  by  96  inches,  with  J-inch  round  perforations;  6,  rolls,  24-inch;  7,  rougher 
jig,  seven  30  by  42  inch  cells;  8,  elevator  (middlings);  9,  cleaner  jig,  seven  28  by  42  inch  cells;  10,  elevator 
(chats  and  middlings);  11,  rolls,  24-inch;  12,  elevator  (tailings);  13,  settling  box. 
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grade  or  finely  disseminated  ores,  as  the  losses  of  fine  material  are 
too  great.  If  the  lead  content  is  fairly  high  a  good  zinc  product  is 
not  easily  possible  with  the  single  jig. 

Most  jigs  used  in  the  one-jig  system  have  a  battery  of  eight  cells 
divided  into  two  sections;  that  is,  the  shaft  line  connecting  the  eccen- 
trics of  the  plungers  is  hi  two  sections,  the  plungers  of  the  first 
four  cells  being  driven  separately  from  those  of  the  last  four  cells, 
so  that  the  speeds  of  the  two  sections  are  different.  Usually  the 
speed  of  the  shaft  of  the  first  section  is  about  180  revolutions  per 
per  minute,  whereas  that  of  the  other  shaft  is  about  200  revolu- 
tions per  minute.     The  cells  are  about  30  by  36  inches. 

In  treating  the  material  on  the  single  jig  the  lead  concentrate, 
if  any,  is  obtained  from  the  first  cell,  and  the  zinc  concentrate 
from  the  third,  fourth,  fifth,  and  sixth  cells  and  from  the  hutch 
of  the  seventh.  In  order  to  obtain  as  clean  concentrates  as  possible 
the  suction  is  not  as  strong  as  when  the  rougher-and-cleaner  system 
is  used.  The  suction  effect  must  be  such  that  it  will  draw  the  proper 
quantity  of  fine  material  into  the  bed  and  the  proper  quantity  of 
fine  mineral  into  the  hutch,  but  must  not  be  strong  enough  to  bring 
the  fine  gangue  particles  into  the  hutch.  A  closer  jigging  is  there- 
fore necessary.  In  the  rougher-and-cleaner  system  the  suction  is 
greater  as  the  material  passes  over  the  rougher,  so  that  more  fine 
mineral  and  also  some  of  the  gangue  material  is  drawn  into  the 
bed  and  hutch.  Consequently  a  greater  quantity  of  middlings  is 
produced  and  there  is  less  fine  mineral  in  the  tailings.  As  the 
fine  material  is  usually  higher  in  zinc  content  and  more  of  the  min- 
eral is  drawn  into  the  bed  and  hutch  by  strong  suction,  it  would 
follow  that  the  tailings  would  be  lower  in  zinc  content.  The  mid- 
dlings and  chats  from  the  single- jig  mill  are  recrushed  and  returned 
to  the  original  feed  of  the  one-jig  system. 

CONCENTRATION'    OF   FINE    MATERIAL. 

In  the  concentration  of  the  fine  material  the  operators  of  this 
district  have  not  been  able  to  obtain  a  clean  concentrate  by  the  use 
of  tables,  so  that  tables  are  found  in  few  of  the  mills.  The  practice 
is  to  obtain  as  much  of  the  finer  material  as  possible  from  the  jigs, 
the  overflow  water  being  allowed  to  return  to  the  pond.  The  diffi- 
culty in  obtaining  a  good  concentration  on  tables  is  due  to  the 
fact  that  the  specific  gravity  of  the  iron  mineral  is  so  nearly  like 
that  of  the  zinc  mineral  that  it  is  almost  impossible  to  obtain  a 
distinct  line  of  separation  on  any  table  so  far  used  in  the  district. 
Although  a  concentrate  can  be  obtained  from  the  table  work  it  is 
of  low  grade  as  a  zinc  product  and  is  of  little  if  any  profit  to  the 
operator.  At  one  of  the  mills  tables  are  used  to  advantage,  but 
there  the  chief  mineral  is  iron  sulphide,  and  the  object  is  to  save 
the  sulphide,  which  is  shipped  to  sulphuric  acid  plants. 
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The  results  obtained  from  some  tests  with  two  Wilfiey  tables  at 
one  of  the  mills  near  Platterville,  Wis.,  are  shown  below.  The  object 
was  to  determine  whether  a  separation  of  the  iron  sulphide  and  the 
zinc  sulphide  was  possible,  and  to  ascertain  how  clean  a  zinc  con- 
centrate could  be  made  from  table  work;  and,  secondly,  whether 
tables  could  be  run  at  a  profit.  The  conditions  under  which  the 
tests  were  made  and  the  equipment  used  were  as  follows:  The  feed 
entered  a  spitzkasten  or  settling  tank  with  three  spigots.  At  the 
time  of  the  tests,  however,  only  one  spigot  was  in  use,  the  other 
two  being  choked.  From  the  settling  tank  the  feed  flowed  to  a 
shaking  screen  with  a  screening  area  of  about  550  square  inches. 
Screens  with  different  sized  perforations  were  used,  and  it  was  found 
that  the  best  results  were  obtained  from  the  smallest  size  on  hand, 
which  had  f-mm.  round  perforations.  The  undersize  entered  a 
V-shaped  box,  with  water  passing  up  through  it,  and  then  passed 
to  a  table.  Of  the  two  tables  one  was  used  as  a  rougher  and  the 
other  as  a  cleaner.  The  length  of  stroke  given  to  the  tables  was 
varied  to  determine  the  best  results  obtainable  at  a  fixed  speed. 
The  foundations  of  the  tables  could  have  been  considerably  firmer. 
The  results  follow: 

Results  of  tests  with  two  Wilfiey  tables. 


Date. 

Assay  of  oversize 
on    screen  with 
J-mm.  openings. 

Assay  of  feed  to 
tables. 

Assay  of  tailings 
from  tables. 

Zinc. 

Iron. 

Zinc. 

Iron. 

Zinc. 

Iron. 

Per  cent. 
2.4 

Per  cent. 
4.2 

Per  cent. 
8.4 
6.8 

Per  cent. 
6.6 

Per  cent. 
3.8 

Per  cent. 
4.0 

Date. 

Diameter 
of  screen 
perfora- 
tions. 

Shape  of 
screen 

perfora- 
tions. 

Assay   of  concentrate  pro- 
duced. 

Quantity 
of  concen- 
trate pro- 
duced 
per  hour. 

Remarks. 

Zinc. 

Iron,     j    Lime. 

August  12 

August  13 

August  14 

August  14 

August  28 

August  29 

September  1 

Mm. 
1.5 

1.5 

1.0 

i 

i 

Round.. 
Round.. 

Round.. 
Oblong  . 

Round.. 

Round.. 

Round.. 

Per  cent. 
39.0 
37.2 

33.2 
34.0 

42.6 

44.0 

38.0 

Per  cent. 
12.2 
15.2 

14.0 
19.6 

10.0 

10.0 

15.6 

Per  cent. 
4.5 
3.25 

6.4 
2.1 

4.4 

3.8 

3.4 

Pounds. 
60 

First  trial. 

Including    more    iron 

sulphide  in  concen- 
trate. 
Including  more  gangue 

in  concentrate. 
Found  screen  to  be  in- 

58* 
57J 

61 

efficient.  Not  enough 
feed. 

Round  holes  found  to 
be   more      efficient. 
Plenty  of  feed. 

Cutting      out      more 
gangue    in    concen- 
trate and  less  feed  to 
cleaner  table. 

Crowded  rougher  table 
as  much  as  possible. 
Too  much  feed. 

a  Diagonal  openings  1.27  cm.  long  and  f  mm.  wide. 
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As  has  been  stated,  the  main  object  of  the  tests  was  to  ascertain 
whether  a  separation  could  be  made  of  the  iron  and  zinc  sulphides. 
From  the  results  obtained  it  can  be  seen  that  a  separation  of  the  two 
minerals  is  possible,  but  there  is  a  question  as  to  whether  a  large 
enough  quantity  of  zinc  concentrate  assaying  40  per  cent  zinc  or 
better  can  be  produced  to  run  the  tables  at  a  profit.  From  the  figures 
obtained  from  the  first  four  tests  it  seems  that  the  tables  could  not  be 
run  witlx  a  profit,  especially  when  breakdowns  and  other  drawbacks 
are  taken  into  consideration.  However,  the  average  assay  of  the 
concentrates  of  the  last  three  results  (42.6,  44.0,  and  38.0  per  cent 
zinc),  or  41.5  per  cent  zinc,  indicates  that  a  small  profit  might  be 
possible,  or  if  the  table  concentrate  was  mixed  with  the  coarse  con- 
centrates from  the  mill,  which  at  the  time  of  the  test  were  running 
about  46  per  cent  zinc,  a  profit  might  have  been  realized. 

In  order  to  insure  a  profit  from  tables  in  this  mill,  it  would  be 
necessary  to  make  several  changes.  In  the  first  place,  there  is  feed 
enough  for  four  or  five  tables  when  all  three  spigots  are  in  use.  By 
adding  two  more  tables  to  the  two  already  on  hand  and  by  using  a 
larger  screen  100  to  150  pounds  of  zinc  concentrate  per  hour  could 
probably  be  obtained,  especially  if  a  closer  classification  were  made 
and  the  tables  all  put  in  proper  order. 

As  the  average  assay  of  the  concentrates  produced  by  the  mills  is 
much  lower  than  46  per  cent,  any  profit  that  could  be  made  from 
tables  at  any  of  the  mills  would  be  possible  only  in  the  mills  treating 
the  higher  grade  ores;  but  so  far  the  higher  grade  ores,  or  those 
whose  concentrates  do  not  need  further  treatment  by  roasting  and 
magnetic  separation,  are  the  exception. 

HANDLING  AND  TREATMENT  OF  CONCENTRATES. 

As  most  of  the  concentrates  from  the  mills  assay  30  to  40  per  cent 
zinc  and  have  a  high  content  of  iron,  it  is  necessary  to  increase  the 
zinc  content  and  decrease  the  iron  content  to  a  minimum  before 
shipping  the  concentrates  to  smelters.  The  changes  mentioned  are 
accomplished  by  giving  the  concentrates  a  superficial  roast  and  then 
passing  them  through  magnetic  separators.  The  customary  roaster 
is  a  long,  slowly  revolving  cylinder  lined  with  fire  brick.  As  the  con- 
centrates pass  through,  a  flame  is  directed  against  them,  the  roasting 
being  carried  far  enough  to  render  the  iron  sulphides  magnetic  but 
not  far  enough  to  drive  off  all  the  sulphur.  After  being  roasted  the 
concentrates  are  passed  under  magnets,  which  remove  the  incom- 
pletely roasted  iron  sulphides.  This  treatment  brings  the  zinc  content 
in  the  concentrates  up  to  57  to  60  per  cent. 

Some  operators  have  a  roasting  plant  directly  connected  to  the 
mill,  but  as  a  rule  each  of  the  larger  companies  has  only  one  plant 
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for  all  its  mills.  Operators  that  have  no  roasting  equipment  haul  or 
ship  their  concentrates  to  a  local  custom  roaster  for  further  treat- 
ment. Besides  the  usual  type  of  roaster  found  in  this  district,  one 
company  uses  a  patented  process,  which  is  claimed  to  necessitate 
only  a  slight  roast,  the  iron  sulphides  being  not  only  recovered  but 
left  in  a  proper  condition  for  sale  to  acid  manufacturers. 

The  concentrates  produced  from  some  of  the  mills  are  high  enough 
in  zinc  content  to  allow  shipping  directly  to  the  smelters.  The  com- 
mon opinion  seems  to  be  that  the  owner  of  a  small  mine  and  mill 
should  sell  the  green  concentrates  rather  than  to  invest  in  a  roasting 
plant,  especially  if  the  life  of  the  mine  is  uncertain.  The  reasoning 
is  good,  but  it  also  emphasizes  the  necessity  of  drilling  preliminary 
to  development  in  order  to  ascertain  the  extent  of  the  ore  body  to  be 
worked. 

Representative  averages  from  the  treatment  of  concentrates  by 
roasting  and  magnetic  separation  are  as  follows: 

Per  cent. 

Average  zinc  assay  of  concentrates  treated 33.  91 

Average  iron  assay  of  concentrates  treated 17.  85 

Average  zinc  assay  of  concentrates  after  treatment 59.  53 

Average  iron  assay  of  concentrates  after  treatment 1.  99 

Average  zinc  assay  of  middlings  produced 8.  71 

Average  zinc  assay  of  tailings  from  treatment 4.  64 

Average  percentage  of  zinc  recovery  from  treatment 91.  54 

The  cost  of  treatment  is  $2  to  $3  per  ton,  which  includes  the  total 
roasting  costs,  supervision  of  plant,  and  general  expenses. 

It  has  been  found  that  by  screening  and  crushing  to  make  the  ma- 
terial more  uniform  in  size  a  better  product  and  a  higher  recovery  is 
possible.  A  closer  classification  of  the  material  treated  and  the  use 
of  magnets  with  greater  differences  in  strength,  especially  for  re- treat- 
ing middlings,  have  been  suggested. 

SOURCE  AND  QUANTITY  OF   WASTE. 

The  sources  of  loss  in  the  mining  and  treatment  of  ores  in  this  dis- 
trict are  as  follows:  In  the  pillars  left  in  the  mine,  in  the  culling  or 
sorting  of  waste  rock  before  treatment  in  the  mill,  in  the  wet  con- 
centration of  the  ores,  and  in  the  treatment  of  concentrates  by  roast- 
ing and  magnetic  separation.  Little  timbering  is  done  in  the  mines, 
pillars  are  left  for  the  support  of  the  roof  or  back,  and  the  percentage 
of  the  deposit  so  left  is  15  to  30  per  cent,  depending  on  the  nature  of 
the  deposit  and  the  firmness  of  the  overlying  strata.  Although  some 
trimming  of  the  pillars  is  done  after  a  mine  has  been  practically 
worked  out,  the  ore  left  in  the  pillars  at  many  mines  is  a  total  loss. 

Another  source  of  loss  is  in  the  rock  sorted  out  as  waste  before  the 
ore  enters  the  mill.  This  loss  is  comparatively  small,  the  zinc  content 
of  the  waste  rock  being  estimated  at  about  0.5  per  cent.     This  culling 
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is  the  first  step  in  the  concentration  of  the  ore  and  the  proportion 
sorted  out  is  5  to  25  per  cent.  Culling  has  advantages  that  are  well 
worth  considering.  It  lessens  the  quantity  of  material  treated  and 
thus  saves  power,  lessens  wear  on  the  machinery,  and  increases  the 
relative  capacity  of  the  mill.  Many  operators  believe  that  the  sorting 
of  waste  rock  easily  pays  for  itself  in  many  ways,  and  that  even  a 
closer  sorting  than  is  generally  practiced  at  present  would  be 
advantageous. 

The  greatest  loss,  however,  is  in  milling  the  zinc  ores.  Although 
the  average  zinc  recovery  from  the  mills  is  about  5  per  cent  higher 
than  that  from  the  mills  in  the  Joplin  district,  the  grade  of  the  con- 
centrates produced  is  considerably  lower  and  the  ores  as  a  rule  are 
richer  in  mineral  content,  making  a  higher  saving  possible.  This 
higher  recovery  from  the  milling,  however,  is  offset  by  the  lower  grade 
of  the  concentrates,  which  have  to  be  re-treated  by  roasting  and  mag- 
netic separation.  The  re-treatment  means  a  further  loss,  probably 
equal  to  the  difTerence  in  the  average  recoveries  in  the  two  districts. 
The  average  recovery  of  zinc  in  the  milling  of  ore  in  the  Wisconsin 
district  is  70  to  75  per  cent,  whereas  the  recovery  from  the  mills  in 
the  Joplin  district  is  about  65  per  cent,  or  perhaps  a  little  higher  at 
present. 

The  zinc  recovery  from  the  treatment  of  the  concentrates  by 
roasting  and  magnetic  separation  is  about  90  to  95  per  cent,  so  that 
the  losses  here  together  with  those  from  the  milling  would  bring  the 
recovery  of  zinc  from  both  treatments  down  to  about  65  to  70  per 
cent,  or  about  the  same  as  that  in  the  Joplin  district.  The  average 
loss,  therefore,  in  the  treatment  of  the  zinc  ores  in  the  Wisconsin 
district  to  produce  concentrates  for  shipment  to  the  smelters,  is  25  to 
35  per  cent.  When  the  losses  in  the  smelting  of  zinc  ores  are  included 
the  total  loss  in  the  production  of  zinc,  from  the  ore  in  the  mine  up  to 
the  commercial  product  of  spelter,  reaches  nearly  40  to  50  per  cent. 

The  larger  operating  companies  in  the  district  determine  in  a  general 
way  what  results  are  being  obtained  from  the  milling  operations  by 
taking  samples  of  the  tailings,  but  few  of  them  know  the  exact 
recoveries  from  the  mills,  for  they  do  not  include  the  overflow  water 
and  slimes  in  their  sampling,  and  have  as  a  basis  for  calculation  only 
an  estimated  weight  of  the  tonnage  treated.  In  many  instances  it 
would  be  difficult  to  make  any  systematic  mill  test,  but  there  are 
certain  tests  possible  that  would  show  more  closely  what  results  are 
being  obtained  and  where  the  losses  are  greatest. 

If  the  tailings  alone  are  sampled  it  is  necessary  to  take  a  represen- 
tative sample,  which  should  include  all  slimes  and  water  that  are 
discarded  with  the  coarser  material  as  tailings,  and  not  the  coarse 
tailings  only,  the  water  and  slimes  being  allowed  to  flow  off,  a  method 
often  used  not  only  in  this  district  but  in  the  Joplin  district  as  well. 
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MILL  TESTS. 

In  connection  with  the  investigations  in  milling  operations  certain 
tests  were  made  to  show  in  what  sizes  the  loss  was  greatest  and  to 
find  out  from  representative  mills  the  approximate  zinc  recovery  in 
the  mining  practice  in  the  district.  The  various  samples  were  also 
assayed  for  iron  simply  to  show  that  a  considerable  quantity  of  iron 
sulphide  is  present,  which  the  millman  has  to  contend  with.  The 
sizing  was  done  through  such  screens  as  were  available.  The  results 
of  the  mill  tests  are  tabulated  below: 

Results  of  mill  tests  of  practice  in  the  Wisconsin  district. 
Test  1.— MILL  USING  ONE-JIG  SYSTEM. 


Dry 

Pro- 

Quan- 

Weight 

Quan- 

Weight 

Size  of  tailings. 

weight 
of 

portion 
of 

tity  of 
zinc 

of  zinc 
eon- 

Zinc 
loss. 

tity  of 
iron 

of  iron 
con- 

Iron 
loss. 

sample. 

weight. 

(assay). 

tent. 

(assay). 

tent. 

Grams. 

Per  ct. 

Per  ct. 

Grams. 

Per  ct. 

Per  ct. 

Grams. 

Per  ct. 

Through  f-inch,  on  J-inch  screen 

1,770 

19.15 

0.81 

14.33 

7.9 

3.67 

64.96 

16.55 

Through  J-inch,  on  8- mesh  screen 

2,000 

21.60 

.71 

14.20 

7.8 

4.00 

80.00 

20.40 

Through  8-mesh,  on  10-mesh  screen... 

730 

7.9 

1.07 

7.81 

4.3 

3.80 

27.74 

7.10 

Through  10-mesh,  on  20-mesh  screen.. 

770 

8.3 

.61 

4.69 

2.6 

3.00 

22.10 

5.65 

Through  20-mesh,  on  40-mesh  screen. . 

750 

8.1 

2.44 

18.30 

10.1 

4.00 

30.00 

7.65 

Through  40-mesh,  on  80-mesh  screen. . 

1,050 

11.35 

3.82 

40.11 

22.1 

3.70 

38.85 

9.90 

2,180 

23.6 

3.67 

82.00 

45.2 

5.90 

128. 62 

32.75 

Total 

9,250 

100.00 

1.96 

181.44 

100.00 

4.24 

392. 27 

100. 00 

Quantity  of  ore  treated tons. .  330 

Quantity  of  zinc  concentrates  produced do 35.  5 


Quantity  of  tailings do 294.  5 

Zinc  assay  of  concentrates per  cent. .     32 

Zinc  assay  of  tailings do 1.  96 


Quantity  of  zinc  in  concentrates  produced tons. .     11.  36 

Quantity  of  zinc  in  tailings do 5.  77 


Total  quantity  of  zinc  in  ore  treated do 17. 13 

Recovery  of  zinc  from  mill per  cent. .     66.  3 


Test  2.— MILL  USING  ONE-JIG  SYSTEM. 


Size  of  tailings. 

Dry 
weight 

of 
sample. 

Pro- 
portion 
of 

weight. 

Quan- 
tity of 
zinc 

(assay). 

Weight 
of  zinc 
eon- 
tent. 

Zinc 
loss. 

Quan- 
tity of 
iron 

(assay). 

Weight 
of  iron 
con- 
tent. 

Iron 
loss. 

Grams. 

520 

4,020 

2,630 

600 

700 

760 

1,110 

3,210 

Per  ct. 
3.85 
29.7 
19.4 
4.4 
5.15 
5.6 
8.2 
23.7 

Per  ct. 

0.71 

.61 

.87 

.93 

1.39 

1.63 

2.65 

3.92 

Grams. 
3.69 
24.52 
22.88 
5.58 
9.73 
12.39 
29.41 
125.83 

Per  ct. 

1.6 

10.5 

9.8 

2.4 

4.1 

5.3 

12.5 

53.8 

Per  ct. 
3.40 
3.85 
3.70 
3.70 
3.60 
5.50 
4.15 
6.70 

Grams. 
17.68 

154.  77 
97.31 
22.20 
25.20 
41.80 
46.06 

215.07 

Per  ct. 
2  85 

Through  |-inch,  on  J-mch  screen 

Through  J-inch,  on  8-mesh  screen 

Through  8-mesh,  on  10-mesh  screen... 
Through  10-mesh,  on  20-mesh  screen.. 
Through  20-mesh,  on  40-mesh  screen.. 
Through  40-mesh,  on  80-mesh  screen. . 

24.95 
15.70 
3.60 
4.05 
6.75 
7.40 
34.70 

Total 

13,550 

100.00 

1.72 

234. 03 

100.00 

4.575 

620. 09 

100  00 
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Quantity  of  ore  treated tons 

Quantity  of  zinc  concentrates  produced do. . 

Quantity  of  tailings do. . 

Zinc  assay  of  tailings per  cent 

Average  zinc  assay  of  concentrates do. . 

Quantity  of  zinc  in  concentrates  produced tons 

Quantity  of  zinc  in  tailings do . . 

Total  quantity  of  zinc  in  ore  treated do.. 

Recovery  of  zinc per  cent 


503.  00 
56.92 


226.  00 

1.72 

32.47 

18.48 

7.67 

26.15 
70.6 


Test  3.— MILL  USING  ONE-JIG  BYSTEM. 


Dry 

Pro- 

Quan- 

Weight 

Quan- 

Weight 

Size  of  tailings. 

weight 
of 

portion 
of 

tity  of 
zinc 

of  zinc 
con- 

Zinc 
loss. 

tity  of 
iron 

of  iron 
con- 

Iron 
loss. 

sample. 

weight. 

('assay). 

tent. 

(assay). 

tent. 

Grams. 

Perct. 

Perct. 

Grams. 

Perct. 

Per  ct. 

Gra  ms. 

Per  ct. 

Through  |-inch,  on  J- inch  screen 

3,280 

25.25 

0.81 

26.65 

15.3 

7.75 

254.20 

41.55 

Through  }-inch,  on  8-mesh  screen 

4,500 

34.7 

.71 

31.95 

18.3 

3.70 

166. 50 

27.20 

Through  8-mesh,  on  10-mesh  screen . . 

1,060 

8.2 

1.02 

10.81 

6.2 

3.25 

34.45 

5.65 

Through  10-mesh,  on  20-mesh  screen . . 

900 

6.9 

1.07 

9.63 

5.5 

3. 50 

31.50 

5.15 

Through  20-mesh,  on  40-mesh  screen. . 

540 

4.15 

1.07 

5.78 

3.3 

3.70 

19.98 

3.25 

Through  40-mesh,  on  80-mesh  screen. . 

700 

5.4 

2.04 

14.28 

8.2 

4.20 

29.40 

4.80 

2,000 

15.4 

3.77 

75.40 

43.2 

3.80 

76.00 

12.40 

Total 

12,980 

100.00 

1.34 

174.50 

100.00 

4.71 

612. 03 

100.00 

Quantity  of  ore  treated tons. .  580.  00 

Quantity  of  zinc  concentrates  produced do 70.  95 


Quantity  of  tailings do 509.  05 

Zinc  assay  of  concentrates per  cent. .     36.  4 

Zinc  assay  of  tailings do 1.  34 


Quantity  of  zinc  in  concentrates  produced tons. .     25.  826 

Quantity  of  zinc  in  tailings do 6.  820 


Total  quantity  of  zinc  in  ore  treated tons. .     32.  646 

Recovery  of  zinc per  cent. .     79. 1 

Test  4.— MILL  USING  ROUGHER  AND  CLEANER. 


Dry 

Pro- 

Quan- 

Weight 

Quan- 

Weight 

Size  of  tailings. 

weight 
of 

portion 
of 

tity  of 
zinc 

of  zinc 
con- 

Zinc 
loss. 

tity  of 
iron 

of  iron 
con- 

Iron 
loss. 

sample. 

weight. 

(assay). 

tent. 

(assay). 

tent. 

Grams. 

Perct. 

Perct. 

Grams. 

Perct. 

Per  ct. 

Grams. 

Per  ct. 

Through  |-inch  on  }-inch  screen 

3,840 

29.75 

1.12 

43.01 

28.1 

5.33 

204. 67 

44.00 

Through  1-inch,  on  S-mish  screen 

4,680 

36.20 

.96 

44.73 

29.3 

3.00 

1  til.  to 

30.20 

Through  8-mesh,  on  10-mesh  screen. . . 

900 

6.95 

.76 

6.84 

4.5 

2.50 

22.50 

4.85 

Through  10-mesh,  on  20-mesh  screen. . 

670 

5.20 

.92 

6.16 

4.1 

3.20 

21.44 

4.60 

Through  20-mesh,  on  40-mesh  screen. . 

270 

2.10 

.97 

2.62 

1.7 

2.70 

7.29 

1.55 

Through  40-mash,  on  80-mesh  screen . . 

280 

2.15 

1.02 

2.85 

1.85 

2.95 

8.26 

1.80 

2,280 

17.65 

2.04 

46.51 

30.45 

2.65 

60.  12 

13.00 

Total 

12,920 

100.00 

1.18 

152. 72 

100.00 

3.60 

464. 98 

100.00 
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Quantity  of  ore  treated tons. .  1,  022 

Quantity  of  zinc  concentrate  produced do. .  57 

Quantity  of  tailings do 965 

Zinc  assay  of  concentrates per  cent. .  40.  00 

Zinc  assay  of  tailings do 1. 18 

Quantity  of  zinc  in  concentrates tons. .  22.  80 

Quantity  of  zinc  in  tailings do 11.  38 

Total  quantity  of  zinc  in  ore  treated do 34. 18 

Recovery  of  zinc per  cent. .  66.  7 

Test  5.— MILL  USING  ROUGHER  AND  CLEANER. 


Size  of  tailings. 

Dry 
weight 

of 
sample. 

Pro- 
portion 

of 
weight. 

Quan- 
tity of 
zinc 
(assay). 

Weight 
of  zinc 
con- 
tent. 

Zinc 
loss. 

Quan- 
tity of 
iron 
(assay). 

Weight 
of  iron 
con- 
tent. 

Iron 
loss. 

Grams. 

2,350 

1,122 

532 

460 

1,080 

Per  ct. 

42.4 

20.2 

9.6 

8.3 

19.50 

Perct. 
0.7 
1.3 
1.7 
1.5 
2.5 

Grams. 

16.45 

14.58 

9.04 

6.90 

27.00 

Per  ct. 
22.25 
19.70 
12.20 
9.35 
36.50 

Perct. 
5.3 
5.2 

4.9 
4.4 
6.2 

Grams. 

124.55 
58.34 
26.07 
20.24 
56.96 

Perct. 
43.50 

Through  10-mesh,  on  20-mesh  screen. 
Through  20-mesh,  on  40-mesh  screen. 
Through  40-mesh,  on  80-mesh  screen. 

20.40 
9.10 
7.10 

19.90 

Total     

5,540 

100.00 

1.33 

73.97 

100.00 

5.34 

286. 16 

100.00 

Quantity  of  ore  treated tons. 

Quantity  of  zinc  concentrates  produced do . . . 

Quantity  of  tailings do. . . 

Assay  of  concentrates per  cent. 

Assay  of  tailings do. . . 


454 
43 


411 

34 

1.33 


Quantity  of  zinc  in  concentrates tons . .   14.  62 

Quantity  of  zinc  in  tailings do 5.  46 


Total  quantity  of  zinc  in  ore  treated do 20.  08 

Recovery  of  zinc per  cent. .  72.  8 

Test  6—  MILL  USING  ROUGHER  AND  CLEANER. 


Dry 

Pro- 

Quan- 

Weight 

Quan- 

Weight 

Size  of  tailings. 

weight 
of 

portion 
of 

tity  of 
zinc 

of  zinc 
con- 

Zinc 
loss. 

tity  of 
iron 

of  iron 
con- 

Iron 
loss. 

sample. 

weight. 

(assay). 

tent. 

(assay). 

tent. 

Grams. 

Per  ct. 

Perct. 

Grams. 

Per  ct. 

Per  ct. 

Grams. 

Per  ct. 

Through  £-inch,  on  J-inch  screen 

800 

11.9 

1.42 

11.36 

12.1 

7.80 

62.  40 

19.15 

Through  J-inch,  on  8-mesh  screen 

2,400 

35.7 

1.25 

30.00 

31.9 

4.70 

112. 80 

34.60 

Through  8-mesh,  on  10-mesh  screen  . . 

720 

10.7 

1.29 

9.29 

9.9 

4.00 

28.80 

8.85 

Through  10-mesh,  on  20-mesh  screen. . 

950 

14.15 

1.43 

13.58 

14.4 

4.00 

37.00 

11.35 

Through  20-mesh,  on  40-mesh  screen . . 

500 

7.45 

1.32 

6.60 

7.0 

3.20 

16.00 

4.90 

Through  40-mesh,  on  80-mesh  screen. . 

350 

5.2 

1.72 

6.23 

6.6 

2.84 

9.94 

3.05 

1,000 

14.9 

1.70 

17.00 

18.1 

5.90 

59.00 

18.10 

Total 

6,720 

100.00 

1.40 

94.06 

100.00 

4.85 

325.94 

100.00 
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Quantity  of  ore  treated tons. .  330 

Quantity  of  zinc  concentrates  produced do 36 

Quantity  of  tailings do 29  t 

Zinc  assay  of  concentrates per  cent . .     47.  9 

Zinc  assay  of  tailings do 1.  40 

Quantity  of  zinc  in  concentrates tons. .     17.  244 

Quantity  of  zinc  in  tailings do. ...       4.  116 

Total  quantity  of  zinc  in  ore  treated do 21.  360 

Recovery  of  zinc  from  mill per  cent. .     80.  7 

COMMENTS    OX    RESULTS    OF   TESTS. 

In  general,  as  the  results  show,  the  zinc  content  in  the  different 
sizes  increased  as  the  size  of  the  material  decreased.  In  other  words 
the  zinc  assay  of  the  tailings  was  highest  in  the  material  that  passed 
an  80-mesh  screen.  The  first  three  mill  tests  were  made  at  mills 
where  the  one-jig  system  was  in  use,  and  in  all  three  the  percentage  of 
loss  was  by  far  the  greatest  with  the  smallest  size  of  material.  The 
explanation  has  already  been  given.  This  loss  is  not  as  noticeable  in 
the  results  for  the  other  three  mills  in  which  the  rougher-and-cleaner 
system  was  used. 

It  was  noticed  that  the  recovery  in  test  3  was  considerably  higher 
than  in  tests  1  and  2  representing  the  other  two  mills  using  the  one-jig 
system.  Spaced  rolls  were  used  in  test  3,  and  the  results  would  lead 
one  to  conclude  that  it  would  be  better  to  use  them  in  both  systems. 
It  is  to  be  regretted  that  so  few  mills  with  spaced  rolls  were  in  operation 
at  the  time,  for  more  tests  could  have  been  made  to  prove  more  defin- 
itely the  advantage  from  the  use  of  spaced  rolls  used  in  test  3. 
Regarding  the  results  of  tests  1  to  3,  if  tables  are  not  used  for 
treating  the  fine  material,  it  is  the  belief  of  the  writer  that  the  best 
recoveries  can  be  obtained  from  the  treatment  of  ore  as  practiced 
in  the  Wisconsin  district  by  the  use  of  the  rougher-and-cleaner 
system  in  combination  with  spaced  rolls  (rolls  set. so  that  the  faces 
do  not  touch). 

The  average  recovery  of  zinc  from  the  six  mill  tests  was  72.7  per 
cent. 

LABOR  IN  THE  WISCONSIN  DISTRICT. 

Labor  conditions  in  this  district  are  not  unlike  those  in  the  Joplin 
district,  except  that  men  of  various  nationalities  besides  Americans  are 
to  be  found,  such  as  Bulgarians,  Cornish,  and  Austrians.  There  are 
no  unions,  but  each  little  band  of  foreigners  has  its  leader  who  repre- 
sents them  in  any  disputes  that  may  arise  between  the  men  and  the 
operating  company. 
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The  length  of  the  underground  shifts  in  the  mines  is  8  to  9  hours, 
and  the  length  of  the  shifts  for  surface  and  mill  work  is  9  to  10  hours, 
according  to  the  nature  of  the  work.  Some  of  the  larger  companies 
run  double  shifts  in  both  the  mines  and  the  mills,  whereas  others  run 
double  shifts  in  the  mine  and  single  shifts  in  the  mill,  but  the  practice 
varies  with  the  size  of  the  mill  and  of  the  underground  workings. 

The  number  of  men  and  the  average  wage  at  14  representative 
mines  are  given  below: 

Number  of  men  and  average  wages  at  14  representative  mines  in  the  Wisconsin  district. 


Designation  of  workmen. 


Number 
of  men. 


Wages. 


Total. 


Average 
per  diem. 


Surface  labor. 

Hoistmen 

Screenmen 

Millmen 

Engineeisand  helpers 

Shopmen  and  helpers 

Other  surface  men 

Total  surface  labor 

Underground  labor. 

Drillmen  and  helpers 

Shovelers 

Tub  hookers 

Trackmen 

Trammers  and  other  underground  men 

Total  underground  labor 

Total  number  of  men 


$55.50 
141.25 
161.52 
86.22 
86.75 
34.09 


565. 33 


121 

170 

24 

11 

64 


295. 35 
468. 30 
64.50 
29.25 
154. 25 


390 


1,011.65 


604 


1,576.! 


S2.64 
2.32 
2.88 
3.08 
2.63 
2.27 


2.64 


2.44 
2.75 
2.69 
2.66 
2.41 


2.59 
2.61 


The  figures  in  the  foregoing  table  show  that  the  average  wage  per 
man  is  about  $2.60  a  day.  This  average  is  not  as  high  as  that  in 
metal-mining  districts  of  Rocky  Mountain  States,  but  living  costs 
are  lower  in  Wisconsin  and  there  are  fewer  interruptions  of  work  from 
labor  troubles.     A  steady  man  is  usually  certain  of  holding  his  job. 

COST  DATA. 

It  is  difficult  to  obtain  average  costs  of  mining  and  milling  opera- 
tions in  a  mining  district  as  a  whole,  because  each  company  has  its 
own  system  of  keeping  costs,  but  at  several  of  the  representative 
mines  in  the  Wisconsin  lead  and  zinc  district  costs  were  being  kept 
systematically,  and  the  writer  is  greatly  indebted  to  the  companies  that 
placed  their  cost  sheets  at  his  disposal. 

The  following  figures  represent  the  average  costs  of  the  different 
operations  at  the  various  mines  and  mills  covered. 
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Costs  per  ton  of  ore  mined. 

Mining:  a 

Drilling $0.  1296 

Blasting 1243 

Shoveling,  hoisting,  and  tramming 3426 

Total 5965 

Milling 1565 

Pumping 0103 

Power 2804 

General  and  administrative  expenses 2416 

Total  average  cost  per  ton  of  ore  mined  and  milled 1.  2853 

Average  cost  per  ton  of  concentrates  produced 15.  635 

In  the  foregoing  figures  it  will  be  noted  that  the  cost  of  power  for 
each  operation  is  not  included  in  the  cost  of  that  operation  but  that 
the  power  cost  is  kept  separately  as  one  item.  It  would  have  been 
interesting  to  show,  if  possible,  the  distribution  of  power  cost  under 
each  item.  This  separation  was  not  possible  from  the  data  on  hand, 
so  that  the  expenses  for  the  different  operations  include  everything 
except  the  power  cost,  which  is  given  separately.  The  figures  for 
the  average  costs  given  above  were  furnished  by  mines  that  were 
operating  during  the  year  1913. 

ACCIDENTS  AND  SAFETY  PRECAUTIONS. 

The  causes  of  accidents  in  the  Wisconsin  district  are  various,  but 
it  is  safe  to  state  that  more  than  half  of  the  fatal  and  more  serious 
injuries  are  caused  by  falls  of  slabs  or  pieces  of  rock  from  the  roof  of 
the  underground  workings.  There  are  other  important  causes,  such 
as  the  use  of  explosives,  falls  down  shafts,  the  workings  of  machinery, 
and  underground  haulage.  Although  some  accidents  are  unforeseen 
and  unavoidable,  yet  many  are  due  to  carelessness  on  the  part  of  the 
miners  or  to  lack  of  proper  inspection  of  the  underground  workings 
or  lack  of  discipline  over  the  miners  on  the  part  of  the  ground  bosses 
or  mine  foremen.  For  more  definite  figures  of  both  fatal  and  non- 
fatal accidents  and  their  causes  in  the  Wisconsin  lead  and  zinc  dis- 
trict the  reader  is  referred  to  Bureau  of  Mines  Technical  Papers  40, 
61,  and  94,  for  the  years  1911,  1912,  and  1913.6  The  figures  pre- 
sented hi  the  reports  mentioned  are  interesting  in  that  they  show 
the  number  killed  or  injured  per  1,000  men  employed  for  the  number 
of  days  actually  worked  and  also  on  a  300-day  basis.  Figures  on  the 
300-day  basis  bring  out  the  importance  of  safeguarding  against  acci- 

a  Each  operation  includes  labor,  supplies,  and  repairs. 

6  Fay,  A.  H.,  Metal-mine  accidents  in  the  United  States  during  the  calendar  year  1911:  Technical  Paper 
40,1913,54  pp.;  Metal-mine  accidents  in  the  United  Statesduring  the  calendar  year  1912:  Technical  Paper 
61,1913,  76  pp.,  1  fig.;  Metal-mine  accidents  in  the  United  States  during  the  calendar  year  1913:  Technical 
Papei  94,  1914,  73  pp. 
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dents  not  only  in  the  larger  mines  but  also  in  the  smaller  mines  and 
prospects,  and  Fay  shows  by  the  figures  he  presents  that  the  hazards 
of  prospecting  are  greater  than  those  of  mining. 

As  to  the  prevention  of  accidents  at  or  in  the  mines,  every  item 
of  a  set  of  rules  necessary  for  large  mines  would  hardly  apply  to 
the  smaller  mines  of  the  Wisconsin  district,  but  many  of  the  items 
would  apply.  After  an  accident  has  occurred,  measures  are  usually 
taken  to  prevent  another  similar  accident.  If  the  miners  or  mine 
foremen  could  foresee  the  possibility  of  an  accident  as  readily  as 
they  can  observe  the  causes  after  one  has  occurred,  the  number  of 
accidents  would  be  considerably  reduced.  Closer  supervision  of  the 
ground  or  shafts  on  the  part  of  both  the  miners  and  mine  foremen, 
and  a  careful  study  of  conditions  and  application  of  precautions  shown 
to  be  proper  by  accidents  at  other  mines,  would  all  help  to  increase 
safety. 

Protection  around  the  collar  of  shafts  is  important,  and  it  is  grati- 
fying to  note  that  at  many  of  the  mines  shafts  are  protected  effect- 
ively by  gates  or  railings.  However,  there  should  be  such  protec- 
tion at  all  the  mines,  and  not  at  the  mines  of  the  larger  companies 
only. 

When  ore  is  being  hoisted  in  tubs  or  "cans,"  men  should  not  be 
allowed  to  stand  directly  at  the  bottom  of  the  shaft,  for  the  bumping 
of  the  tubs  often  causes  pieces  of  rock  to  fall  down  the  shaft.  Strad- 
dling the  side  of  the  tub  in  riding,  a  dangerous  but  common  practice 
in  the  Wisconsin  and  Joplin  districts,  may  result  in  the  miner's  hit- 
ting his  kneecap  or  foot  against  the  sides  of  the  shaft;  consequently 
there  should  be  strict  regulation  of  the  speed  of  hoisting  or  lowering 
men. 

Every  miner  can  do  much  to  lessen  the  danger  from  falls  of  roof 
by  examining  carefully  the  roof  and  working  face  after  each  shot 
before  starting  to  drill  new  holes  or  clearing  away  the  place  in  which 
they  have  been  working.  There  should  be  strict  supervision  of  the 
use  of  explosives,  especially  if  the  miners  or  machine  men  load  and 
fire  holes.  In  other  words,  in  each  kind  of  work  done  by  the  men 
certain  precautions  are  necessary,  and  each  miner  should  cooperate 
in  helping  in  every  way  to  prevent  possible  accidents. 

HEALTH  CONDITIONS  AT  THE  MINES. 

Health  conditions  in  a  metal  mine  in  general  depend  largely  on 
the  material  mined,  the  depth  of  the  mine,  the  gases  present,  and 
the  character  of  the  ventilation.  Favorable  conditions  in  the  mines 
of  the  Wisconsin  district  are  the  shallow  depth  of  the  ore  deposits, 
the  lack  of  the  injurious  gases  found  in  coal  mines  and  in  some  deep 
metal  mines,    and  the  good    ventilation.     Fans   are  used  wherever 
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necessary  to  blow  fresh  air  through  workings  where  natural  ventila- 
tion is  insufficient  or  can  not  be  utilized. 

The  shafts  and  the  ground  underfoot  in  the  mines  are  usually  wet, 
so  that  the  men  are  often  obliged  to  wear  rubber  boots,  and  some- 
times are  compelled  to  wear  slickers.  At  many  of  the  mines  there 
are  change  houses  where  the  men  have  their  own  lockers.  As  many 
of  the  men  drive  or  walk  to  and  from  the  mines  these  change  houses 
are  necessary  and  are  largely  used.  It  has  been  stated  that  the 
mines  in  general  are  small,  so  that  the  change  houses  are  not  elab- 
orate, but  they  at  least  serve  the  purpose  of  allowing  the  clothes  to 
dry  after  each  shift,  and  they  guard  the  men  against  unnecessary 
exposure. 

In  most  of  the  mines  that  are  practically  free  from  water  and  damp- 
ness dust  is  produced  from  the  drilling  and  blasting.  Tins  dust,  if 
inhaled  by  a  miner  every  day  for  a  considerable  time,  may  cause  lung 
trouble.  The  exact  amount  of  harm  done  by  inhaling  the  dust  in 
different  classes  of  metal  mines  is  not  definitely  known,  but  it  is  be- 
lieved that  much  of  what  is  known  as  "miners'  consumption"  is  caused 
by  sharp  particles  of  dust,  in  that  the  lungs,  when  affected,  are  more 
susceptible  to  disease.  The  injurious  effect  of  rock  dust  is  lessened 
by  spraying  the  faces.  Wetting  of  the  face  should  be  done  in  all 
mines  where  rock  dust,  especially  siliceous  dust,  is  prevalent.  Water 
drills  are  used  to  some  extent. 

At  some  of  the  mines  there  are  boarding  houses,  and  at  a  few  of 
the  larger  mines  company  houses  are  furnished  in  which  the  married 
men  may  five  with  their  families,  paying  a  nominal  rent.  The  living 
conditions  on  the  whole  are  being  bettered,  and  still  greater  improve- 
ment will  undoubtedly  be  made  as  new  mines  are  opened. 

Wherever  improvements  relating  to  the  betterment  of  the  health 
conditions  of  the  men  are  possible  they  should  be  made,  for  too 
much  importance  can  not  be  placed  on  the  miner's  health,  not  only 
for  his  own  good,  but  also  to  promote  the  greater  efficiency  of  his 
work  for  the  operating  company. 

RE  STJME . 

The  importance  of  certain  features  of  mine  and  mill  practice  in 
the  Wisconsin  lead  and  zinc  district  is  realized  by  some  operators 
but  not  by  all.  The  main  object  of  every  operator  is  to  make  a 
mine  pay,  but  whereas  one  operator  is  constantly  seeking  to  improve 
methods  or  equipment  in  order  to  increase  his  profit  through  the 
greater  efficiency  of  the  plant,  others  attempt  to  make  as  close  a 
saving  as  possible  with  the  equipment  on  hand,  and  do  not  care  to 
investigate  possible  improvements  that  would  involve  any  changes. 
As  regards  the  latter  class,  lack  of  funds  often  prevents  investigations 
that  the  mine  manager  or  superintendent  might  wish  to  undertake, 
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but  if  the  mine  has  any  future  and  there  is  a  chance  for  improve- 
ment, experiments  on  a  small  scale  should  be  made,  for  a  slight 
saving  here  and  there  might  mean  the  making  of  the  mine.  At  all 
mills  sampling  should  be  done  to  show  what  results  are  being  ob- 
tained. To  be  of  value,  however,  the  sampling  should  be  careful 
and  systematic.  The  sampling  of  tailings  without  including  material 
in  the  overflow  water  from  the  jigs  and  settling  tanks,  an  oversight 
frequently  observed,  is  of  little  value.  The  richness  of  the  ore  varies, 
and  to  keep  a  check  on  the  work,  samples  should  be  taken  every  day. 

At  many  of  the  mines  and  mills  excellent  results  were  being  ob- 
tained under  the  existing  conditions.  It  is  hoped  that  every  opera- 
tor will  endeavor  to  effect  greater  saving,  so  far  as  is  profitable,  and 
take  advantage  of  any  experiments  made  by  others  that  seem  to 
show  how  his  own  practice  may  be  improved. 

The  proper  grade  of  explosive  and  the  proper  quantity  to  be  used 
in  breaking  ground  should  be  determined  by  test  from  time  to  time 
as  the  working  faces  advance  and  the  character  of  the  ground  changes. 
A  saving  in  the  use  of  powder  would  be  an  important  item  in  the 
reduction  of  mining  costs. 

The  matter  of  hand  sorting  should  be  given  closer  attention  at 
many  of  the  mines.  Close  determination  should  be  made  as  to  how 
far  discarding  of  waste  rock  can  be  carried  advantageously.  The 
greater  the  quantity  of  waste  rock  eliminated  before  the  ore  enters 
the  mill,  the  richer  will  be  the  feed;  a  higher  recovery  will  be  possible; 
there  will  be  an  important  saving  in  power  and  in  the  wear  on  rolls, 
etc.;  and  the  relative  capacity  of  the  mill  will  be  increased. 

Possible  improvement  in  many  other  details  might  be  discussed. 
Each  operating  company  should  see  that,  in  the  development  of  its 
mine  and  in  the  operation  of  its  mill,  due  effort  is  made  to  effect 
every  major  or  minor  improvement  that  will  improve  health  and 
safety  conditions. 
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PUBLICATIONS  ON  MINERAL  TECHNOLOGY. 

A  limited  supply  of  the  following  publications  of  the  Bureau  of 
Mines  is  temporarily  available  for  free  distribution.  Requests  for  all 
publications  can  not  be  granted,  and  to  insure  equitable  distribution 
applicants  are  requested  to  limit  their  selection  to  publications  that 
may  be  of  especial  interest  to  them.  Requests  for  publications  should 
be  addressed  to  the  Director,  Bureau  of  Mines. 

Bulletin  3.  The  coke  industry  of  the  United  States  as  related  to  the  foundry,  by 
Richard  Moldenke.     1910.     32  pp. 

Bulletin  8.  The  flow  of  heat  through  furnace  walls,  by  W.  T.  Ray  and  Henry 
Kreisinger.     32  pp.,  19  figs. 

Bulletin  12.  Apparatus  and  methods  for  the  sampling  and  analysis  of  furnace  gases, 
by  J.  C.  W.  Frazer  and  E.  J.  Hoffman.     1911.     22  pp.,  6  figs. 

Bulletin  47.  Notes  on  mineral  wastes,  by  C.  L.  Parsons.     1912.     44  pp. 

Bulletin  53.  Mining  and  treatment  of  feldspar  and  kaolin  in  the  southern  Appa- 
lachian region,  by  A.  S.  Watts.     1913.     170  pp.,  16  pis.,  12  figs. 

Bulletin  54.  Foundry  cupola  gases  and  temperatures,  by  A.  W.  Belden.  1913. 
29  pp.,  3  pis.,  16  figs. 

Bulletin  64.  The  titaniferous  iron  ores  in  the  United  States,  their  composition  and 
economic  value,  by  J.  T.  Singewald,  jr.     1913.     145  pp.,  16  pis.,  3  figs. 

Bulletin  67.  Electric  furnaces  for  making  iron  and  steel,  by  D.  A.  Lyon  and  R.  M. 
Keeney.     1913.     142  pp.,  36  figs. 

Bulletin  70.  A  preliminary  report  on  uranium,  radium,  and  vanadium,  by  R.  B. 
Moore  and  K.  L.  Kithil.     1913.     100  pp.,  2  pis.,  2  figs. 

Bulletin  71.  Fuller's  earth,  by  C.  L.  Parsons.     1913.     38  pp. 

Bulletin  73.  Brass-furnace  practice  in  the  United  States,  by  H.  W.  Gillett.  1914. 
298  pp.,  2  pis.,  23  figs. 

Bulletin  77.  The  electric  furnace  in  metallurgical  work,  by  D.  A.  Lyon,  R.  M. 
Keeney,  and  J.  F.  Cullen.     1914.     216  pp.,  56  figs. 

Technical  Paper  31.  Apparatus  for  the  exact  analysis  of  flue  gas,  by  G.  A.  Burrell 
and  F.  M.  Seibert.     1913.     12  pp.,  1  fig. 

Technical  Paper  36.  The  preparation  of  specifications  for  petroleum  products,  by 
I.  C.  Allen.     1913.     12  pp. 

Technical  Paper  41.  The  mining  and  treatment  of  lead  and  zinc  ores  in  the  Joplin 
district,  Mo.;  a  preliminary  report,  by  C.  A.  Wright.     1913.     43  pp.,  5  figs. 

Technical  Paper  49.  The  flash  point  of  oils,  methods,  and  apparatus  for  its  deter- 
mination, by  I.  C.  Allen  and  A.  S.  Crossfield.     1913.     31  pp.,  2  figs. 

Technical  Paper  54.  Errors  in  gas  analysis  due  to  assuming  that  the  molecular 
volumes  of  all  gases  are  alike,  by  G.  A.  Burrell  and  F.  M.  Seibert.     1913.     16  pp. 

Technical  Paper  57.  A  preliminary  report  on  the  utilization  of  oil  and  natural  gas 
in  Wyoming,  by  W.  R.  Calvert,  with  a  discussion  of  the  suitability  of  natural  gas  for 
making  gasoline,  by  G.  A.  Burrell.     1913.     23  pp. 

Technical  Paper  58.  Action  of  acid  mine  water  on  the  insulation  of  electric  con- 
ductors, a  preliminary  report,  by  H.  H.  Clark  and  L.  C.  Ilsley.     1913.     26  pp.,  1  fig. 

Technical  Paper  60.  The  approximate  melting  points  of  some  commercial  copper 
alloys,  by  H.  W.  Gillett  and  A.  B.  Norton.     1913.     10  pp.,  1  fig. 

Technical  Paper  81.  The  vapor  pressure  of  arsenic  trioxide,  by  H.  V.  Welch  and 
L.  H.  Duschak.     1914. 
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